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N  ANA.  !  S  PIU  U  !  .1)1'  KAI.  Cl'  I';1!  :'<*k  A'H!  A(.  CON!'  1 1  ■  l  K  A  1  i  ON 

l  .  I  N  ■  i\<  '[>!  t  i  ION 

!  ik  r.;j'.;'r  i  l  i  l'-  l  ■  i'Vt  ill'll  and  mater  ial  s  fnir.i  iuk  ;n  int  to  another  in 
an  oror.it  ion. i !  an  a  i  a  nr.  assent  ial  ingredient  of  c.ah.it  power  and  is 
o  *  to"  Jo.  ;  -  •;  vo  to  tin  .  mt  o  •'•v.i'  of  a  battle.  ''burning  and  maneuver  i  nr  arc 
di'ponJi  r.t  not  on!"  on  tho  >  •:•.  istence  and  kn>  >v  !  ed.,<  of  adequate  i  ims  of 
ooii-ruin  i  ra  t  i  on  in  a  verba t  none;  knowledge  of  tin  terrain  is  also  essentia 
i'iio  v-orir.asnli  r  n.ust  "uve  accurate  intol  i  iyenve  -  a  tin-  surfaie  ronf  iiturat  i>> 
o!  the  t  or  ra  in ,  in.  lading  slope",  laniii  "rm,  and  surface  ri’ughnoss  .  Th  i  s 
liv'crr  .at  irr.  b  in.tv.n.mt  because  tho  t  vpe  of  Ian..!:  er.,  steepne*.-  oi  .  ■ 

and  mid.iik’SH  of  t  he  terrain  surface  influence  •  ross-country  nobility; 
indeed,  cons  idem  t  i  on  oi  t  !.i  si-  terrain  -nd  i  t  i  i  its  is  ia.  assary  f  r  proper 
•.'laneiivi”-  p  1  aim  inii . 


i  .  i  Plll'p.  1  s e  . 

This  terrain  Ana  hr  i !‘ro.  i  dura  1  '  ui  f.  r  Surf  e  C.  n.f  i  ^ ,t  ;•  .. 
provides  terrain  analysts  with  the  i:u  t ! .  ■  d  s  f.-o  j-.,-e ;  irat  ion  >f  factor 
■  •vor  lavs  ("or  slope,  land  form,  and  surf  ace  roughness  based  upon  the 
au.il  vses  liter  it  'ire,  rat".,  and  aor  ial  imagery  . 

1.2  Background . 

“flu  first  step  in  the'  generation  of  terrain  intelligence  and  pre- 
pa  rut  bnt  of  spec!  >1  purpose  pro  bict.-4  is  tie-  I'.'da.'t  i.  ti  of  data  c. -it  a  i  :'.«•«} 
in  a  variety  of  source  materials  to  a  uni f err.  scale  and  format.  This 
pro. mss  of  extracting  .'.at;.  ( r-'r  available  sources ,  tier  reducing  and 
record  im>  it  in  the  desired  f  or-. ,  is  the  rest  laborious  and  time— oor.sur.1n 
step  in  the  prodtu  '.  ion  evde.  if  tiiis  process  is  delayed  until  a  ptv- 
duct  i  • requirement  is  imposed  ,  response  time  nil!  'a  ap;  rec  iuh  1  y 
increased.  tiowevor,  if  tile  extraction,  reduction,  and  recording  are 
i’et  j  in  adv.rc.  and  tin'  pn  formatted  n  -a!  f..-  ,.:‘e  r  i  i  r  t.. : d  m-.e 

component  of  the  thematic  graphic  data  base-  (Ti.'Or.') ,  ti.e  t  ia.«.  required  to 
respond  to  a  production  requirement  can  be  great  lv  r<  duced . 

The  concept  for  proformatt  ing  data  in  (the  f ot.  of  factor  overlays 
r<  i  s  t  e'fed  to  standard  militarv  topograph  i  i-  maps  is  :  iliistr.it.' 1  in  figure 
1.1.  Tudor  tiiis  concept,  data  are  extracted  from  various  source  material 
and  recorded  on  factor  overlays  and  supporting  data  tables.  Separate 
over  lays  and  tables  are  prepared  for  each  map  sheet  and  major  terrain 
subject  or  data  field,  e.g.,  slope,  land  form,  surface  roughness,  drainage 
and  water  resources.  The  overlays  are  produced  and  maintained  n  acetate 
or  mylar  that  will  accept  ink  or  pencil  and  permit  erasing.  It  is  not 
>••  f  '  c  i  pn  f  < d  that  a1!  required  information  will  bo  available  during  the 
initial  preparation  of  a  factor  overlay.  back  of  complete  information, 
however,  will  not  preclude  preparation  of  the  overlay.  The  factor  over- 
lav  concept  envisions  the  systematic  recording  of  data  as  it  is  acquired 


1-1 


intelligence  Preparation  oi  Battie^eid 
Products 


Figure  1.1  Production  and  Use  of  Factor  Overlays  and  Data  Tables. 
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Factor  Overlay  Approach 


Figure  1.2.  Factor  Overlay  Approach 
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Figure  1.5.  Surface  Roughness  Factor  Overlay. 
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2.  SOURCE  MATERIALS 


The  terrain  analyst  produces  the  surface  configuration  overlays  with 
the  aid  of  available  source  materials:  literature,  maps,  and  aerial 
imagery.  The  adequacy  of  these  source  materials  will  vary  from  area  to 
area,  and  it  is  often  necessary  to  use  source  materials  prepared  in 
countries  foreign  to  the  country  being  studied.  Even  poor  quality  sources 
may  have  to  be  used.  As  better  sources  become  available,  first  generation 
overlays  will  be  revised  to  incorporate  the  additional  information.  In 
some  areas  there  may  be  no  sources  readily  available;  in  this  case,  it  will 
be  necessary  to  initiate  a  collection  effort  to  obtain  the  source  materials. 
The  analysis  process  begins  by  reviewing  the  data  base  materials. 

2.1  Review  Data  Base  Materials. 

Review  the  data  base  file  indexes  to  locate  source  materials  dealing 
with  the  geographic  area  of  interest.  Useful  materials  include  current 
1:24,000  and  1:50,000  scale  topographic  maps;  regional  studies  on  land forms, 
geology,  and  geomorphology;  reconnaissance  and  image  interpretation  reports; 
and  aerial  photography  at  scales  preferably  ranging  from  1/20,000  to  1/40, 000. 

Review  the  materials  obtained  above  and  determine  whether  they  are 
adequate  for  generation  of  the  surface  configuration  factor  overlays.  If 
they  do  not  provide  sufficient  detail,  or  in  the  case  of  aerial  imagery, 
sufficient  areal  coverage,  initiate  action  to  collect  additional  materials. 
Start  the  analysis  with  materials  on  hand. 

2 . 2  Acquisition  of  Source  Materials . 

Tn  general,  all  items  that  provide  the  analyst  with  land  form  infor¬ 
mation  for  the  geographic  area  of  interest  are  source  materials.  Locating 
these  materials  will  often  require  a  tenacious  and  comprehensive  search 
of  university  and  city  libraries,  government  agency  files,  universitv 
research  data,  and  construction  company  files. 

2.3  Literature ■ 

This  source  of  information  is  nearly  unlimited  in  quant itv,  scope  ol 
subject  matter,  and  coverage  of  geographic  regions  of  the  world.  Un¬ 
fortunately,  information  available  from  this  source  is  often  too  general 
to  be  of  real  use  to  the  terrain  analvst.  Most  useful  literature  contains 
information  related  to  the  specific  geographic  area  under  studv  and  pro¬ 
vides  an  understanding  of  the  physiographic  divisions  and  major  topographic 
forms  found  in  the  area.  for  this  reason,  area-spec i f i c  literature  should 
be  reviewed  by  the  analyst  as  background  source’  material.  The  reports, 
articles,  and  textbooks  that  supply  the’  spe-cific  information  needed  bv  t  la 
analyst  are  obtained  from  local  govc-rnmeait  agencie’S,  universities,  librar¬ 
ies,  and  commercial  mapping  companies. 
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Aerial  cameras  expose  film  in  such  a  manner  that  each  exposure 
overlaps  the  preceding  one  by  approximately  60  percent  with  adjacent 
flight  lines  overlapping  30  percent.  This  photo  overlap  procedure 
affords  the  analysts  an  opportunity  to  visualize  the  terrain  in  three  dim¬ 
ensions  when  viewing  the  photography  stereoscop i cnlly .  For  correct  anal¬ 
yses,  tiie  analyst  should  he  apprised  of  the  season  of  year,  sun  angle, 
weather  conditions,  and  filter  combinations  through  which  the  film  was 
exposed.  The  best  photos  to  use  are  9"  x  9"  prints  at  1:20,000  or 
larger  scale. 


I.ANDSAT  prints  are  an  excellent  source  of  regional  analysis  infor¬ 
mation.  Winter  scenes  should  be  ordered  during  the  source  material 
acquisition  phase  of  the  terrain  analysis.  For  ordering  and  interpre¬ 
tation  purposes,  the  following  specifications  should  be  adhered  to:  (1) 
bands  5  and  7,  (2)  1:250,000  scale,  (3)  black  and  white  prints,  (A)  less 
than  10  percent  cloud  cover,  and  (5)  most  recent  acquisition  date. 

2 . 6  Suggested  Reading . 

Since  the  Army  operates  worldwide,  detailed  terrain  information  is 
needed  worldwide.  To  obtain  this  information,  the  analyst  must  have  a 
basic  knowledge  of  the  origin  and  distributions  of  land  forms  and  the 
factors  producing  them  within  different  world  regions.  It  is  suggested 
that  the  analyst  read  and  review  the  military  manuals  and  texts  that  arc- 
available.  Some  pertinent  texts  are  listed  below: 

F.TL-0178  Procedural  Guide  for  Vegetation 

ETL-0207  Procedural  Guide  for  Geology 

ETL-0285  Procedural  Guide  for  Drainage  and  Water  Resources 

ETL-0254  Procedural  Guide  for  Soils 


Further,  the  analyst  should  review  and  maintain  as  reference  material 
the  fol lov  ■  as;  texts: 


Terrain  Analysis,  2nd  Edition 

Douglas  Way 

McGraw  Hill  Book  Co. 

New  York,  NY 


Atlas  of  Landforros,  2nd  Edition 
11.  A.  Curran,  ct  al. 

John  Wiley  and  Sons,  Tnc. 

New  York,  NY 


FM  30-10,  Military  Geographic  Intelligence  (Terrain) 

FM  21-26,  Map  Reading 

TM  5-545,  Geology 

TM  5-818-2,  Soils  and  Geology 

TM  5-818-4,  Soils  and  Geology 

EM  1110-2-1906,  Laboratory  Soils  Testing 

TM  5-330,  Planning  and  Design  of  Roads,  Airbases,  and  Heliport-; 

the  Theatre  of  Operations 
FM  21-33,  Terrain  Analysis 
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Map  Index 


Factor  Overlays 

Maps 


3  J  3  Conduct  a  preliminary  evalua¬ 
tion  of  source  materials  and  note  any 
information  that  is  missing  or  inade¬ 
quate  Submit  collection  requirements 
to  supplement  available  source  mate¬ 
rials 


Vi 


3  2  SLOPE 


3  2  1  Topographic  Map  Tuchniqno 

3  2?!  Obtain  a  topographic  map  rf 
the  area  ot  mterect  with  a  scale  ot 
1  50  000  It  this  scale  cannot  he 
obtained,  the  final  siope  overlay  must 
be  ad|usteu  to  t  50.000 


3  2  12  Lay  a  sheet  ot  clean  mylar  over 
the  topographic  map  Determine  scale 
and  contour  interval  <C  I  r 


3  2  1 ,3  Select  a  slope  calculator  that  was 
constructed  for  the  scale  and  contour 
interval  of  the  map  used  and  that  has 
the  required  scope  categories  normal¬ 
ly  these  are  0-3”o  3-10°-j  10-30°o  30- 
45“tv  45-60V  and  >  60°c  If  a  suitable 
slope  calculator  is  not  available, 
construct  one  Use  the  general  formula 
helow  to  determine  line  spacing  for 
each  slope  category 


Line  spacing 


C  I  x  map  seal* 


3.2  1 .4  Start  the  slope  analysis  in  upper 
left  hand  corner  of  the  map  and 
determine  map  areas  whose  slope 
(contour  line  spacing)  matches  the  3!'c 
slope  category  on  calculator  Include 
map  areas  that  have  slopes  less  than 
3%  then  bound  all  areas  whose  slope  is 
0-3°o  and  identify  them  Continue  this 
analysis  for  all  slope  categories  Work 
until  all  areas  have  heen  bounded  and 
identified 


3  3  LAND FORM 


3  3  1  Primary  Source  Materials 

a  Topographic  Maps 

b  Aerial  and  LANDSAT  Imagery 

c  Collateral  information  Data  Base 

d  Section  7  Typ*cal  Topographic 
Geologic  Forms 


Stud/  Area 


3  3  2  The  first  step  in  the  landforrn 
analyses  involves  a  thorough  evalua¬ 
tion  of  collatera'  information  to 
develop  the  data  base  for  the  study 
area  This  background  knowledge 
forms  the  broad  foundation  from 
which  the  detailed  analysis  of  topo¬ 
graphic  maps  and  air  photos  can 
proceed  to  landforrn  delineation  and 
identification 


3  3  3  The  purpose  of  collateral  infor¬ 
mation  data  base  evaluation  is  to 
answer  such  questions  as  these 

he  expected  n  *  study  an  a  * 

•  What  is  the  ouc.ii  c-f  tn»-se  surfac- 
ma*er‘,y$'>  Are  they  ho*’1  1 00k  "  W en 

deposited  b>  a  at  a-  ...-r 

'•*3  < »  act.v  *v° 

•  What  type  of  dr  a  ''age  path-ms  wli 
most  likely  he  found" 

•  Is  V’eie  a  la»'dfOf 'v:  Cfistr  huhori  pat 
'i  i')  ’ha4  car  he  asc*  't.vrii'fl 
Stud*  area0 


•  What  type  c‘  -a^dUim's  win  re 
expected  'f'  sti.o,  areas’' 

•  What  type  o'  ^.rtac  o' neater  ,i!s  (  ,\f' 


A 


3  3  b  Study  the  photo  index  Order  a ir 
photos  needed  for  coverage  of  the 
study  areas  Lay  out  a  mosaic  of  an 
photos  and  cover  with  a  sheet  of  clear 
mylar  Use  the  topographic  map  to 
determine  the  elevation  of  selected 
areas  on  the  a»r  photo  mosaic  Place 
elevations  on  the  overlay  m  locations 
of  irte'est 


3  3  r  Study  photos  stereoscopical.' * 
Draw  preliminary  landform  boundaries 
on  the  overlay  keeping  notes  from  data 
base  and  elevation  information  c  lose  at 
hand  tor  reference  Laoei  each 
hounded  area  A  6  C  etc 


3  3  8  Using  photo  analysis  supple¬ 
mented  by  descriptive  information  from 
1250  000  LANDSAT  prints,  fill  in  a 
photo  pattern  data  element  table  for 
each  anticipated  landform  in  the  study 
area 


3  3  9  Analyse  m  turn  a<n  of  he 
Subject  areas  .dentd  rd  e  :*.«• 

■  ncj  paragraphs  Rtci,»d  Pus  mb 
!;on  m  the  P»'..v,t()  Pattern  Data  E'er*  .  n; 
Tanle  described  »n  the  precede-  : 
paragraph  A  vpurut*-  P‘'o!,:  Patter r> 
Data  Flen •♦•nt  rnhi»  .'uHt  t  »>  w-.e<:  »,h 
each  anticipated  iandfc>rr"  .n  the  study 
area 

,i  ?t)rm  T opogr  ahtw 
'’li.1''  »po  |m[-*  i»  «  *prev-H  *,  •:>- 

ser..-  t  evatum  da* a  .is  >U  pc  *.  :  . 

.  ontoie  >c  c'-  i.r  !  M*  *o;>.  «,:iapt,  < 

Hei  ui.|  the  r!evu!um  i . * n ■  i « •  ■ 

'Undfi-t?r  i;,P*,d,s  ?u  e-"  apy 
r  m  ;e  .2  .  rirres;  .  ;  »  tm- 

1 1 1 1  * m  r  e-  j"  ••rted  the  jabs 

base  Pest  »■!>■*  reli.-l  b  ,f  n  i 


i-  h 


C  Goiy  r^ajartensio  b  Mudy 
characteristic  an  j  ciassi f\  <n  cof.ung 
to  cross  stH-hen  iml  r a c  1  ■ « ' n t  fVrord 
rtescnpt. cn  .n  photo  pattern  data 
element  tar  it-  tot  ear*  'anrtforrr. 


j  !,J. 1  Rocorc 

■n.isua1  f .1! i ; ' • ' lhsrrveh  '»■  ?f»  ; -I »ot» 
such  as  ratsfops.  pinnaces.  s*r«  heirs 
terraepttes  etc 


3  4  SURFACE  ROUGHNESS 


There  are  two  approaches theanalyst  can  take  in  arriving  at  the  surface  roughness  index  ;$Rij  needed  to* 
each  landform  The  first  approach  is  a  faster  method  hut  it  is  inherently  lesv  quantitative  and  re  =  i ♦  * s  r-*-,u.-v 
upon  the  experience  of  the  analyst  The  second  approach  is  mor**  systematic  more  quant. tut.  ri-qw,r*-s 

less  experience,  but  is  more  time  consuming  As  the  analyst  .jams  tam-nardy  wdh  t » •  i s  gu  o>-  v'»-  * 
approach  will  probably  be  the  most  usual  approach  with  fht-  quantitative  rietnod  used  u-  spec  a  *  .at-o'-. 


E*rst  Approach 


a  4  1  Place  a  sheet  of  clear  mylar  over 
the  completed  landform  overlay 


3  4  2  Conduct  a  surface  roughness 
analysis  for  each  landform  on  the 
overlay  Consult  section  seven  \7\  of 
this  guide  and  attempt  to  locate  a 
match  for  each  landform  outlined  on 
the  overlay  If  a  landform  on  the 
overlay  is  not  contained  in  section  7 
use  a  landform  that  most  closely 
approximates  the  surface  roughness 
of  the  landform  of  interest  If  the 
landform  is  in  section  7  ronsider  us>nq 
me  landform's  surface  roughness 
index  given  as  one  o‘  the  .-»t;rfuce 
roughness  data  elements  H  just.f  <  d 
thf  SRI  value  Von  section  7  can 
idjiisted  i  1  depending  on  si.d  u.:« 

< onddons  If  tN»  5'Ri  vuhe*  oM  h, 
more  than  t  1  it  may  be  that  the 
landform  has  been  wrongly  identified 
then  approach  «2  should  be  used 


i  a 


O* i ' ' f t 


3  4  4  Use  the  surface  roughness 
equation  below  to  calculate  an  SRI  for 
each  landform  Record  these  values  on 
a  separate  surface  roughness  overlay 

SRI  E  04^  •  0  1  (B) 

A  Number  of  contour  lines  per  1  2 
km 

B  Number  of  fence  rows  per  1  2 
km 

C"  Number  of  contour  bends  per  1  2 
km 

0  Contour  bend  wavelength  (cm) 

E  Contour  bend  amplitude  (cm) 

Clean  up  overlay  and  add  margin 
information  as  necessary 


Airphoto  Analysis 

3  4  5  Prepare  an  airphoto  mosaic  of 
the  study  area  (scale  1  40.000  or 
larger  i  Place  the  landform  overlay  on 
the  mosaic  to  locate  landform  bound¬ 
aries  Select  a  representative  stereo- 
pair  from  the  photos  of  each  landform 
on  which  to  perform  measurements 


3  4  6  Construct  a  grid  on  clear  mylar  i 

with  cells  that  correspond  to  a 
standard  linear  ground  distance  of  1  2 
km  for  the  scale  of  photography  being 

used  1 


4.  Sl.OI'K  ANALYSIS  MLTHODs 


This  section  describes  the  detailed  procedures  the  unalvst  use  .  t^ 
produce  a  slope  factor  overlay  (figure  4.1).  The  analyst  should  read  and 
understand  the  section  entitled  "Slope"  in  I’M  21-33,  Terrain  Analvsis,  aid 
chapter  6,  "Klevation  and  Relief,"  in  KM  21-26,  Maj>_ Reading, before  pro¬ 
ceeding  with  the  materials  in  this  section  of  the  guide.  The  slope  over¬ 
lay  is  produced  on  a  mylar  overlay  registered  to  a  standard  militarv 
1:50,000  scale  map.  Other  locally  standard  maps  of  differing  scale  for 
military  operations  may  be  used  but  will  require  adjustment  to  the  1:50, 
000  scale.  Larger  scale  maps  with  greater  detail  may  he  preferred  for 
landform  and  surface  roughness  analysis  but  the  resultant  overlay  must 
be  reduced  to  the  1:50,000  scale.  The  methods  for  using  aerial  imagerv 
for  slope  determination  are  noted  but  not  detailed  in  this  procedural 
guide . 

4.1  General. 


Slope  is  the  inclined  surface  of  a  hill,  mountain,  or  any  other 
part  of  the  earth's  surface.  Slope  is  usually  expressed  in  one  of  three 
different  ways  as  (1)  a  ratio,  (2)  angle  of  slope  in  degrees,  or  (3) 
percent  slope.  Figure  4.2  Illustrates  how  the  three  types  of  slope 
expression  are  calculated.  The  slope  as  a  ratio  (gradient)  is  derived 
from  the  relationship  between  the  horizontal  and  vertical  distance 
expressed  as  a  fraction  with  a  numerator  of  one.  Slope  in  degrees  is  the 
angular  difference  the  inclined  surface  makes  with  the  horizontal  plane. 
The  tangent  of  the  slope  angle  is  determined  by  dividing  the  vertical 
distance,  or  vertical  difference,  (VD)  by  the  horizontal  distance  (HD) 
between  the  highest  and  lowest  elevations  of  the  inclined  surface  under 
consideration.  The  result  of  this  calculation  is  the  tangent  of  the 
slope  angle.  The  actual  angle  is  then  found  through  the  use  of  trigono¬ 
metric  tables.  The  third  way  of  expressing  the  slope  is  ns  a  percentage. 
The  identification  of  slope  on  a  terrain  factor  overlay  is  expressed  as  a 
percentage,  which  is  calculated  as  the  number  of  meters  of  elevation  (VD) 
per  100  meters  of  horizontal  distance.  Tn  the  event  that  slope  informa¬ 
tion  is  available  to  the  analyst  in  degrees  or  as  a  ratio  for  the  area  of 
interest,  either  value  may  be  converted  to  percent  slope  through  use  of  a 
slope  conversion  scale  (figure  4.3). 

One  of  the  most  important  synthesized  special  topographic  products 
for  the  commander  in  the  field  is  the  cross-country  movement  (CCM)  product. 
In  evaluating  terrain  for  traf f icability,  a  slope  of  45  percent  is  com¬ 
monly  used  as  the  reasonable  upper  limit  for  tanks  and  about  30  percent 
for  military  trucks.  Six  major  slope  categories  are  delineated  (0-32, 
3-10%,  10-30%,  30-45%,  45-60%,  and  -60%)  to  provide  the  necessary  slope 
data  input  for  the  CCM  product.  These  categories  represent  critical 
values  for  the  movement  of  foot  troops  and  vehicles.*  The  primary  slope 


*See  F.TL-0220,  Synthesis  Guide  for  Cross-Country  Movement,  Feb  1980. 
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l}5a£Tl  SLOPE. 


The  ranges  lor  slope  categories  A.  B,  and  C  depicted  on  this  overlay  are  not  the  ones  recommended  lor 
CCM  and  are  shown  here  lor  illustration  purposes  only  (see  ETL-0220) 


Figure  4.1.  Slope  Factor  Overlay 
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Distance  (VD) 


(1)  Slope  as  a  Ratio  = 


VD 

HD 


i  oQ  2. 
3.000  20 


(2)  Slope  as  an  Angle  in  Degrees  (Tangent  ot  Slope  ) 


150 

3.000 


0500 


VD 

HD 


The  4. Whose  Tangent  is  0500  :  2°  52’ 


(3)  Slope  in  Percent  x  100  :  1 1  5% 
HD  3.000 


Note  For  Clarity,  the  Above  Triangle  s  Proportions  and  Dimensions  Are  Exaggerated 


Figure  4.2  Methods  of  Expressing  and  Determining  Slope. 


factor  overlay  should  be  compiled  to  satisfy  the  slope  percentage  cate¬ 
gories  for  the  CCM.  However,  the  analyst  may  be  instructed  through 
special  requests  to  compile  slope  overlays  of  differing  percentage 
categories  from  those  needed  for  the  CCM  product. 

4.2  Slope  Determination  from  Topographic  Maps. 

The  primary  means  of  determining  percent  of  slope  is  accomplished 
through  the  use  of  a  1:50,000  or  larger  scale  topographic  map  of  the  area. 
If  they  are  available,  the  analyst  should  review  the  compilation  and 
drafting  specifications  for  hypsographic  (relief)  features  for  maps  that 
he  might  analyze  before  proceeding  with  this  part  of  the  anal  vs  is  guide. 
The  analyst  should  be  familiar  with  standard  methods  and  symbols  for  the 
portrayal  of  relief  information,  e.g.,  contour  lines,  depressions,  scarps, 
crevices,  cuts  and  fills,  etc.  Also,  the  analyst  should  be  aware  of  the 
fact  that  maps  of  differing  scale  will  show  contours  of  the  same  area  at 
different  intervals  (figure  4.4).  Maps  of  the  same  scale  and  series  will 
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Figure  4.3.  Slope  Conversion  Scale 


CONTOUR  INTERVAL  =  10M 

(Horizontal  scale  must  be  known) 


CONTOUR  INTERVAL  =  40M 

(Horizontal  scale  must  be  known) 


Figure  4.4  Different  Contour  Intervals  of  Same  Area 


horizontal  distances  from  the  source  map.  Careful  attention  must  be  paid 
to  the  map  scale,  contour  interval,  relief  feature  symbolization,  and  the 
scaling  of  distances  from  the  source  map.  Repetitive  measurements  and 
mathematical  computations  are  too  time-consuming  for  efficient  production 
of  the  factor  overlay.  A  more  efficient  procedure  follows. 

For  practically  all  slope  factor  overlay  compilations  from  source 
maps  of  known  scale  and  contour  interval,  the  terrain  analyst  uses  a 
device  called  a  slope  calculator. 

4.2.1  Slope  Calculator.  Figure  4.6  shows  a  simple  slope  calculator  con¬ 
structed  of  stiff  clear  plastic.  For  purposes  of  clarity,  an  explanation 
of  this  calculator  is  provided  using  a  map  of  1:20,000  scale  and  a  contour 
interval  of  5  meters.  The  tick  mark  spacing  on  the  edge  of  this  calculator 


ETL  SLOPE  CALCULATOR 

SCALE  1  20.000 

CONTOUR  INTERVAL  5  METERS 

3%  10% 

45% 

_ 1 _ i _ 1 _ LLLU _ 

Figure  4.6.  Sample  Slope  Calculator. 


(figure  4.6)  has  been  predetermined  and  plotted  to  show  contour  spacing 
for  three  of  the  CCM  slope  percentage  categories.  In  actual  practice, 
all  six  CCM  slope  percentage  categories  (see  section  4.1)  would  be  deter¬ 
mined  in  terms  of  contour  spacing  for  the  example  1:20,000  scale  map. 
However,  at  the  given  scale  and  contour  interval,  the  spacing  of  contours 
for  60  percent  or  greater  slopes  would  be  too  closely  spaced  for  measure¬ 
ment  . 


Other  slope  calculators  can  be  made  for  different  map  scales  and 
contour  intervals  by  using  the  percent  slope  formula  in  reverse  and  by 
correcting  for  the  map  scale.  Figure  4.7  illustrates  a  universal  slope 
calculator  that  shows  contour  spacing  for  commonly  extracted  percentages 
of  slope  for  a  number  of  maps  of  varying  scale  and  contour  interval.  The 
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Figure  4.7.  Sample  Universal  Slope  Calculator 


general  equation  for  determining  contour  spacing  at  various  slope  per¬ 
centages  on  maps  of  differing  scale  is  as  follows: 

Contour  line  spacing  =  ,  x  contour  interval  (CT)  x  map  scale 

/  slope 

representative  fraction  (RE). 

Examples  of  the  determination  of  contour  line  spacing  for  specific 
slope  percentages  follow: 


Example  1  -  Find  the  contour  line  or  slope  calculator  line  spacing 
that  represents  a  slope  of  30  percent  on  a  1:24,000  scale  map  that  has  a 
contour  interval  of  10  feet. 


100 

7  slope 


x  Cl  x  RF 


100 

30 


x  10  ft 


_J _ 

X  24,000 


0.00139  ft  =  0.017  in- 


Kxample  2  -  Find  the  contour  line  or  slope  calculator  line  spacing 
that  represents  a  slope  of  3  percent  on  a  1:20,000  scale  map  that  has  a 
contour  interval  of  5  meters. 


100 

7  slope 


Cl  x  RF 


100 
'  3 


x  5m  x 


1 

20,000 


J3U0 

60,000 


.00833m  =  8.33  mm 


Note  that  the  result  from  example  2  applies  in  the  construction  of  the 
slope  calculator  shown  in  figure  4.6.  On  this  sample  slope  calculator, 
the  distance  between  the  edge  ticks  that  represent  the  3-meter  contour 
spacing  for  3  percent  slope  areas  is  actually  8.33  mm.  The  analyst  may 
wish  to  compute  a  table  of  contour  line  or  tick  spacings  for  commonly 
used  source  maps  of  varying  contour  intervals.  Also,  this  table  should 
account  for  variations  in  the  slope  percentage  extraction  requirements. 
Table  4.1  shows  the  results  of  this  type  of  computation  for  maps  of 
1:50,000  scale  that  show  varying  contour  intervals  in  both  feet  and  meters. 
Data  from  this  table  could  be  used  to  construct  a  variety  of  slope  cal¬ 
culators  for  the  1:50,000  scale  map. 

From  the  foregoing  slope  calculator  computations,  it  becomes  rather 
obvious  that,  for  some  map  scales  with  given  contour  intervals,  the 
contour  spacings  on  the  calculators  can  become  very  closely  spaced  at 
the  higher  slope  percentages.  When  this  occurs,  drafting  of  the  cal¬ 
culator  under  magnification  is  required.  Another  solution  is  to  draft 
the  calculator  at  a  larger  scale  and  then  to  photographically  reduce  the 
calculator  to  the  required  map  scale.  Also,  the  calculators  can  he  made 
easier  to  use  by  deleting  alternate  lines  or  by  doubling  the  contour 
interval  of  the  calculator. 

After  the  analyst  has  constructed  a  slope  calculator  as  shown  in 
figure  4.6,  or  after  tie  has  selected  an  appropriate  existing  calculator 
from  his  files,  the  extraction  of  slope  percentages  from  the  base  map 
becomes  a  simple  but  tedious  manual  task.  As  you  recall,  the  calculator 
in  figure  4.6  can  be  used  only  with  a  map  of  1:20,000  scale  with  a  contour 
interval  of  5  meters.  Figure  4.8  shows  three  cross  sections  labeled  1,  2, 
and  3  drawn  across  a  portion  of  a  topographic  map  of  Puerto  Rico.  The 
source  map  is  1:20,000  scale,  and  the  contour  interval  is  5  meters. 

Moving  the  slope  calculator  along  section  1 ,  a  good  match  is  made  between 
the  maps  contours  and  the  etched  10  percent  slope  lines  on  the 
calculator  (figure  4.9).  Turning  to  figure  4.10,  the  calculator  is  laid 
along  section  2.  The  map  contour  lines  here  match  the  group  of  etched 
calculator  lines  labeled  3  percent.  The  last  match  is  made  along  sect  ion  3 
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alculator  Construction  Information  for  a  1:50.000  Scale  Ma 
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1:20,000 

CONTOUR  INTERVAL  =  5  METERS 


Figure  4.8.  Several  Cross  Sections  to  Be  Measured  for  Slope 


1  ?0  000 

CONTOUR  INTERVAL  •>  ME  T  F  H'. 


Figure4.9.  Matching  the  Calculator's  10%  Slope  Tick  Marks  With  the 
Contour  Lines  on  Section  1 


Figure4.10  Matching  the  Calculator's  3%  Slope  Tick  Marks  With  the 
Contour  Lines  on  Section  2. 


and  the  slope  is  found  to  be  about  45  percent  (figure  4.11).  A  simpl 1 fio< 
partially  completed  version  of  tnc  final  slope  over  lav  appea  rs  in  f i cure 
4.12.  I  lie  analyst  may  elect  to  code  the  factor  overlay  with  numbers  or 
alphabetic  characters,  e.g.,  1  =  0-3'",  2  =  3-10',  etc. 

4.2.2  51  ope  Factor  Overlay  I  ’  re  pa  rat  i  on  . 

a.  Itvpare  tie  mylar  overlay  in  the  format  described  in  Append  i/. 

h.  Starting  in  the  upper  left  hand  corner  of  the  map  sheet,  use  tl 
slope  calculator  to  determine  the  slope  classes  and  delineate  the  boundari 
where  changes  occur,  as  in  figure  4.12. 

c.  Write  the1  slope  class  percentage  or  code  in  each  area  and 
progress  across  and  down  the  map  sheet  until  all  areas  are  completed. 

d.  Ignore  any  areas  with  greatest  dimension  less  than  2  mm,  units! 
the  slope  is  greater  than  60  percent  or  the  map  symbol  for  escarpments  is 
shown.  In  those  cases  mark  the  areas  with  the  svtnbol  for  escarpments. 

e.  Check  the  draft  overlay  for  completeness  and  ink  the  final 
line  work  and  symbols. 


1  20  000 

CONTOUR  INTERVAL  5  METERS 


Figure4.11.  Matching  the  Calculator’s  45%  Slope  Tick  Marks  With  the 
Contour  Lines  on  Section  3. 


’  20  000 

CONTOUR  INTFRVAl  <s  METER 


Figure4.12.  An  Example  of  Several  Areas  Where  Slope  Has  Been  Calculated 
Using  the  Slope  Calculator 
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4 . 3  Slope  Determination  from  Airphotos . 

Slope  determination  using  aerial  imagery  requires  complete  stereo 
coverage  of  the  area  of  interest.  It  is  more  time  consuming  and  requires 
more  skill  than  using  the  topographic  map.  Slope  determination  using. 
1/50,000  scale  airphotos  provides  little  or  no  gain  in  accuracy  over 
that  attainable  using  a  1:50,000  topographic  map.  However,  the  photo 
method  of  determining  slope  may  be  useful  in  ease  no  maps  are  available 
and  the  stereo  coverage  is.  The  analysis  consists  of  examining  the  study 
area  landforms  one  at  a  time.  typical  locations  within  a  land  form  are 
given  a  slope  class  based  on  measurements  averaged  over  a  portion  of  the 
landform;  three  or  four  of  these  will  provide  a  reasonable  average.  'UK- 
following  procedure  is  suggested: 


With  the  parallax  wedge  or  height  finder,  a  para! la\  valm  is  det¬ 
ermined  between  two  points  to  determine  the  vertical  distance.  The-  iu-r- 
izontal  distance  between  the  same  two  points  is  then  measured.  To  ea : eulati 
the  slope  use  the  relationship 


Slope  (I') 


Vert  ica  1  d  is_t  a  nee 
Horizontal  distance 


(100). 


Each  landform  is  measured  and  a  slope  class  determined  as  state  d  above . 
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LAN UFO KM  ANALYSIS  METHODS 


:i . 

This  section  provides  instructions  for  conducting  a  landform  analysis 
and  for  compiling  a  landform  factor  overlay  through  the  use  of  literature, 
topographic  maps,  and  aerial/LANDSAT  imagery.  I'se  of  literature,  maps, 
and  imagery  is  verv  important,  as  each  source  provides  a  unique  contribu¬ 
tion  to  the  overall  landform  analysis.  It  is  strongly  suggested  that  the 
terrain  analyst  use  all  three  sources  in  an  integrated  approach  to  the 
process  of  landform  identification  and  delineation.  Though  it  is  sug¬ 
gested  that  an  overlay  be  constructed  for  each  tvpe  of  source  material, 
in  actual  practice  it  may  be  unnecessary  for  three  overlays  to  be  prod¬ 
uced.  At  a  minimum, the  airphoto  landform  overlav  must  be  produced,  and 
during  this  process  the  topographic  map  and  LANDSAT  imagery  can  provide 
1ddition.1l  information  to  aid  in  the  delineation  and  identification  of 
the  landforms.  For  the  overlay,  the  terrain  analyst  integrates  all  three 
sources  of  information  into  one  factor  overlav  combining  all.  his  obsorva- 
t ions . 

The  analysis  methods  presented  in  this  section  are  illustrated  by  an 
example  landform  study  of  the  Fort  Bel  voir,  Virginia  area  (.section 
>. 4).  Similar  steps  and  source  materials  would  be  used  in  a  landform 
analysis  for  any  area  in  the  world.  To  supplement  tin*  basic  landform 
analysis  procedures  outlined  in  this  section,  the  analyst  should  consult 
the  list  of  references  and  publications  found  in  the  Bibliography. 

j.l  Data  Base  Preparation  and  Analysis. 

B.ickgi  ound  information  that  aids  in  characterizing  tin  1  ami  forms  and 
surface  cond i t ions  should  ho  maintained  in  a  data  base  for  1  given  region. 
'I he  data  base  is  developed  from  the  general  to  the  specific  as  the  terrain 
•  nalvst  consults  maps,  literature,  and  other  sources  for  informal  ion . 

Ibis  information  aids  in  the  prel iminarv  identification  ct  the  landforms 
■B  a  given  study  area,  often  this  step  is  known  as  the  regional  analysis 
phase . 


10  provide  a  data  'ease,  descriptive  data  are  extracted  from  several 
.. Hirers.  I  he  t  op  i  cs /sources  include  geography  ,  climate',  phvsical  features 

uni  I. uniforms,  bedrock  and  surface  geologv,  general  s  >i  1  s  ,  hvdre'  1  oev  .old 
ir. ,in.e,;c  .  vegetation  and  land  use-,  1  \NDSA  I  imagery,  and  airphoto  indexes, 
stereo  photos  and  topographic  maps  arc  studied  in  the  .h  tailed  anal .sis 
phase-  after  format  ion  of  the  data  base.  The  t  op  i  c /sour.  <  di  or  r  i  pt  i  "n 

and  "  1teri.1l  uippl  iers  are  shown  in  table  h .  1  .  Issentiai  s.  .r.rces  t-<r 

the  oaf,!  has*  are  literature-  and  small-scale-  t  lie-.ia  t  i  e  .rid  :  opei.-r.rnh  i  e-  ••-.-it’s  . 

■ .  I  .  1  literature  Analysis.  Ibis  port  ion  of  t  lee-  l.uidtoir  analvsis  ,1  - 

'..air  is  .ie-coi;,p  1  i slie-el  prist  to  the-  analvsis  e'f  maps  sin!  i-age-r-  .  t 
invoice-",  l'e-vie-wing  the-  el.  1 1 .1  lile-s  and  se-le-ctin.  .lllei  e-  a  1  : .  t  i  111-  tin 
i  .  i  il  ah  I  e-  sure,  ma  te-r  ia  Is  .  ibis  prove-  ss  e-n.ih  !  e  s  tin-  an  a  1  .  t  t , .  :  ,  -  - . 

J  .  ;  .  ■■  I  ,:-.i  t  i  I  ’ll  gaps  .  i  ri  el  eie'e-li’p  eeelle.  tie’ll  requirements  ‘s  .  e  ips le  t 


Table  5  1  Data  Base  Compilation. 


Topoqrape-'  M-iilary  Series  Quad  sheets  1  ?4  000  to  Elevat'd  aata  natural  and  cultural  leai'ires  veqetat 

Maps  i  r»0  000  or  smaller  scale  cover  drainage  roads  HR  nfc 


available  ;::aU-  rial:..  In  1  low  i  ng  acquis  i  t  $«'-n  >•;  t  st  ih!v  .-.a  t  t-r  i  a  ! .-  ,  .  ■ .  ' : 
source  is  i.iri  iullv  studied  relative  1 1  >  tin*  given  terrain  .ip  :  in  tn 
order  shown  in  t  ah  i  e  5.1.  this  background  informat  ion  os  t  ab  1  i  >d;e-  tin 
data  haso.  (apirs  ot  all  t  vpes  of  smm  c  materials  aro  provided  in 
appendix  If  tor  the  I. uniform  studv  example. 

5.1.2  topographic  Map  Analvsis.  Iho  t  opograph  i  c  map  is  a  basic  source 
of  in  format  ion  that  is  integ rated  with  tin-  data  base.  11k  tvpcs  of 
information  general lv  extracted  from  a  topographic  man  arc  defined  an 
f  v  1 1 1 ows : 

a.  Fount v/State/Count rv  -  Ibis  information  is  easilv  found  on  a 
topographic  map;  an  example  is  used  to  assist  with  the  definitions 

(fig, tire  5.1).  State  or  countrv  is  normal  l  v  listed  on  the  title  block  in 
the  top  or  bottom  right  hand  corner.  In  the  I'nited  States,  county  names 
are  recorded  along  county  boundary  linos.  Note  the  boundary  line  on 
figure  5.1  between  Hart  County  and  Barren  County,  Kentuckv  near  the  map 
center.  For  areas  other  than  the-  I'nited  States,  the  analyst  notes  the 
name  of  the  country,  territory,  or  political  division. 

b.  l'SCS_  Quadrangle  or  C.S.  Army  fopoe.raph  ic  Series  -  The  topo¬ 
graphic  map  identity  is  Located  in  the  top  righthnnd  corner  of  the 
example  (see  figure  5.1),  Horse  Cave  Ouadranglo,  Kentuckv,  7.5  Minute 
Series . 

c.  hand  L'se  -  Knowledge  of  the  land  use  features  of  the  Iandt’>  rr.  l 
useful.  Typical  land  uses  are  shown  on  the  topographic  map;  for  instance 
forested  areas,  sand  and  gravel  quarries, orchards ,  anti  swamps  ore  repre¬ 
sented  by  symbols.  The  rather  uniform,  spread-out  contour  spacing  cm 
provide  some  insight  as  to  the  possibility  of  agr i cnl ture ;  f  o  r  oxamp 1 e , 
cultivation  given  sufficient  rainfall  is  highly  likelx  on  flat  land 
(represented  by  open-spaced  contour  lines).  As  in  the  case  of  a  lime¬ 
stone  plain,  which  is  relatively  flat,  there  is  often  a  predominance  of 
agriculture  along  with  other  features  such  as  wood  lots  and  quarries.  of 
course,  if  there  is  residential  or  urban  development,  it  will  be  easilv 
recognized  from  the  map  symbols.  For  an  illustration  of  the  land  uses 
for  a  limestone  plain,  see  figure  5.1. 

d.  Special  Features  -  The  recognition  of  a  certain  feature  pecu¬ 
liar  to  a  given  landform  can  uniquely  separate  it  from  all  other  land- 
forms;  for  example,  an  arc-shaped  feature  indicates  an  alluvial  fan 
landform,  a  snake-like  ridge  is  characteristic  of  an  esker,  and  the 
circular  depressions  or  sinkholes  of  karst  topographv  aro  common  onlv  to 
limestone  formations. 

e.  Form  -  Form  simply  refers  to  the  arrangement  as  a  geometric 
form;  how  the  landform  presents  itself  on  a  topographic  map.  The  form 
may  be  identified  as  curvilinear,  rectangular,  circular,  linear,  oval, 
etc.  If  the  landform  has  no  definite  geometric  form,  it  is  labeled 


Horse-  Cave  Quadrangle 
Kentucky 

7  5  Minute  Senes  (Topographic) 


Figure  5.1.  Illustration  of  a  Topographic  Map.  Horse  Cave,  KY 


i  r  r.  i-u  i  ;i  r  i ■  r  I : .vi«- 1  «.•  t  :•  i  t'. :  1 .  . 
definite,  beaus  of  i  *  hi 
h  i\  ■;  r  .H-  k-:  '  .  ■  iii  re 1  v  ■  re .  i  t 

I.  ;t.\t’re  -  in  !  !)  is  .1  i eu.-e  i  -  ui ,  texture  •  mcerns  t  !u  ss-i. 
and  .iitmh  vrvnt  of  c.-titour  1  iiH's;  tnese  indi.ate  tin-  r- a.  •  .  n  i  ,-r 

<PR'i-tlitK-S.:  i'l  lilt1  I  .  i  I  >  1  i  )  I'lT!  ,'e\ture  is  .!.•>;  i  -n.it  t  ■  1  . 

:’:eil  i  urn ,  or  Jt-nsr.  A  1  itv.es  tom-  plain  is  rel  at  ivel  ■'  flat  an.)  st-.'th, 
condition  depicted  bv  the  regular  and  uni  forml  v-spaced  eonteur  ;  i  net . 

Hie  texture  tor  a  limestone  p’ain  is  ties  i  pna  1 1  d  as  medium. 

Slope  and  Fl--v.it  ion  -  topogr  apliie  nap  provi'c*  in  For"  at  tor: 

on  the  slope  and  elevation  of  land  forms.  It  also  serves  a.,  a  back-up 
source  of  information  to  confirm  or  enhance  obsorvat  ions  made  dur  iiu-  tin 
airphoto  analysis,  especially  the  correlation  of  a  given  landferr.  v.  i  1. 1 1 
tilt-  appropriate  elevation  data. 

3.1.3  Airphoto,  Photo  Index,  and  I.AN’DSAT  Images.  Btuincarv  .  ines  are 
narked  on  the  factor  overlay  where  tonal  and  topographic  chans;*,  s  occur, 
i'liese  changes  often  tn-«-ur  at  slope  breaks,  where  the  one  1  and  form  sur  fat- 
interfaces  with  another.  i'liese  tope /tonal  breaks  enable  t  he  ana  1  vst  to 
visualize  boundarv  lines  f.or  separating  the  land  forms .  While  ohsi  r\  in.: 
s  Le  reoscop  i  ca  1  1  y  the  rel  ief-change  locations,  the  analvst  will  note 
contrasting  1  ight  to  shark  tones  that  represent  chances  in  vegetative 
cover .  It  is  useful  to  observe  the  mosaic  anti  topograph  ic  maps  alt-  i— 
■lately  for  these  tonal /topo  marking  . 

Tonal  conditions  should  be  noted  on  the  photo  index  while  marking 
boundaries  to  separate  land  forms.  ’’at,  general  lv  level  ,  or  low  relie*' 
terrain  is  characterized  bv  dark  tones.  The  irregular  surfaces  of  both 
wooded  and  urban  terrain  assist  in  the  search  for  land  form  boundaries. 
The  irregular-relief  indicates  an  elevated  landscape.  Park- lip, lit  tones, 
and  slope-break  tone  contrasts  are  indicative  of  relief  differences  in 
the  predominant  features. 

Other  aids  to  the  land  form  delineation  are  I  AN'DSA'l  images.  Iloth 
band-five  (red  reflectance)  and  hand-seven  (near  infrared  rel fec-tance) 
images  are  valuable.  The  analyst  should  studv  the  black-and-white  tonal 
changes  on  band-seven  images  to  aid  in  the  delineation  of  1. uniform 
boundaries.  Tonal  differences  can  be  used  to  partition  the  terrain  tvpe 
and  changes  in  the  black-and-white  tone-texture  distinvuish  the  drainage 
system  and  variations  in  vegetative  cover.  On  the  hand-seven  scenes,  th 
analyst  can  look  for  dark,  irregular  tones  that  indicate  urban,  built-up 
areas  (e.g.,  streets  and  buildings).  Lowland  and  wetland  areas  are  ob¬ 
served  as  dark-toned  to  black.  how  grassland  cover  is  distinguished 
from  intermittent  water  surfaces  by  light  tones  versus  the  black  tones 
of  water.  lakes  and  water  in  open  drainage  ways  are  easilv  separated 
from  low,  flat  areas  by  the  dark-toned  areas;  water  is  dark  to  black, 
whereas  the  vegetated  low  areas  are  bright  to  vorv  light-toned. 


,  he  !  .  t  ■  o  t  this  I  i .  I  i [i*  p  I  a  I  ::  .  ■  net 
gii !  v -va  r  i  .\!  t  ep.  .■  rap1  r  (•  !•> 

:  •-  .l.-ao:  ---.I  as  irrogul  it*  >r  i  a  •  •: .  t"  : ::  :  . 
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On  band-five  scones,  power  line  corridors  tie;  built-up  areas  .ire 
indicated  bv  light-gray  tones:  these  will  varv  from  bri.'ht  to  dull 
cray.  Forest  cover  appears  dor!,  gra\  ,  w'niK  water  urines  v.u".  :  mm 

I  ight  dull -gray  to  near l'-  !  lack.  Marshlands  arc  dark  .  r  dali-grav  t.:a 
because  of  the  , eras-  s-cove  r ,  but  the  dark  to  dull-gr..v  toiu  indicate 
water  sur’kiccs.  intermediate  to  level  surfaces  ire  lirht-  t.  dark-tone 
witl.  built-up  areas  having  light  tones;  tile  f orei.t-cove re  d  are. is  are  iia 
Flat  grass  Lands  exhibit  tones  that  are  general  1 v  du I i -  t  •-  !  K-h: -tr.r. . 


I.AN"!)SAT  fa  1  So  color  i  cages  are  also  useful.  !  i.e  <  .  !  •  r  of  red , 
light  gicc'ii,  te>  tan  or  beige,  and  blue  to  1  ieht  tine  leve  il  ,riat  ions 
in  land  cover.  Vegetative  surfaces  are  recorded  in  red  hues,  indicatin 
live  green  vegetation.  The  light  green-gr.iy  to  tan  or  !•*  ire  colors 
indicate  built-up  areas.  The  blue  to  light  blue  (1"W  re: lectaace)  are, 
identify  wet  or  water- cove red  terrain. 

5 . 2  Photo _ Pat  t  ern  Hat  a  FJ  orient  s_an_d  j\nit_l_vs_i_s  . 


Ana!  vs  is  of  information  in  the-  data  base  r«-si: !  t  s  in  >h 
of  1 1 : e  origin  and  development  of  landforms  tin-  anal's' 
during  the  airphoto  interpretation.  This  background  in:  ••  ri¬ 
bas  is  for  developing  photo  pattern  data  element  descriptor 
land  fort..  These  elements  ineiude  form  or  topograpi  t.  posit 
svster,  guile  charaot  er  1st  ics.  special  t  eat  u  res,  o!or  (p!i. 
land  use,  and  Ve  ret  it  ion.  '( iic  ana  tysl  re  curds  obv.  rv.it  ions 
the  elements  it  ..  format  similar  to  table-  a. 2. 


ira.  t .  r  i 


The  pre'e'eelurc  tor  photo  i  dent  i :  i .  a  t  i  on 
broken  down-,  into  three  alternative  methods: 


of  land 


1.  Photo  pattern  data  element  descriptor  r.o  ain.' 

2.  Hypothesis  and  descriptor  matching  analv  i- 

3.  Recognition  ot  landform  identity  based  on  experience 

In  the  first  method  the  analyst  observes  the  1. uniforms  on  the  air 
photos  and  prepares  a  set  of  photo  pattern  data  e Icmcnt  descriptions 
the  unknown  Land  forms  as  outlined  above.  lhc  a.nalvst  then  compares  th 
set  of  descriptors  with  those  given  lor  typical  t apograph i c  geologic  f 
in  section  7.  The  analyst  is  not  limited  to  only  those  landforms  con¬ 
tained  in  section  7;  rather,  additional  rcl crcncc  information  should  a 
he  used  in  the  land  form  identification  process.  Once  the  descriptors 
the  unknown  land  form  are  matched  with  similar  descriptors  of  a  land! or. 
of  known  identity,  the  land  form  is  identified.  A  variation  ol  this 
method  requires  the  analyst  to  hypothesize  l  lie  identity  ot  the  unknown 
landform  based  on  the  landlorm’s  set  ot  descriptors.  Ibis  initial  hvp- 
thesis  is  then  accepted  or  rejected  based  on  the  level  ■■!  agreement 
between  the  reference  set  of  descriptors  and  analyst's  observed  set. 


Table  5.2  Form  for  Recording  Pholo  Pattern  Data  Elements 


I 

In  tin1  second  method  the  analyst,  generally  a  more  experienced  one, 
applies  hypothesis  testing  in  a  different  manner.  I'sing  this  method,  th 
analyst  first  hypothesizes  the  identity  of  the  landform.;  for  exar.pK, 
glacial  outwash  plain,  based  on  background  information  and  experience. 
U'ith  this  hypothesis  in  mind,  the  analyst  (photointerpreter)  then  asks 
himself  questions  based  on  the  common  set  of  seven  landform  descriptors; 
e.g..  If  it  is  a  glacial  outwash  plain,  its  form  should  he  a  Mat  to 
undulating  plain  -  does  it  have  this  form?  The  analvst  mental Iv  answers 
this  question,  referring  to  the  airphotos  as  necessary  to  confirm  his 
answer.  Also,  if  it  is  a  glacial  outwash  plain  its  drainage  system  is 
internal  -  is  this  true  ot  t  lie  unknown  landform?  The  analvst  continues 
this  "if  -  then"  questioning,  referring  to  the  airphotos  as  necessary , 
until  all  seven  photo  pattern  data  element  descriptors  have  been  examine 
and  evaluated.  If  five  or  more  of  the  reference  set  ol  descriptors 
match  the  unknown  land  form's  physical  expression,  then  the  landform's 


identity  matches  the  hv  pot  lies  i  s .  On  the-  other  hand,  i!  a  majority  oi  tin 
descriptor  questions  generate  negative  responses,  then  the  hypothesis  is 
rejected  and  another  landform  identity  hypothesis  is  tested.  This  proc¬ 
edure  is  continued  until  the  correct  typothesis  is  made. 

The  third  method,  the  experienced  analyst's  approach.,  requires 
recognition  of  the  landform' s  identity  because  the  analyst  has  observed 
the  same  or  a  similar  landform  pattern  on  the  ground  or  on  airphotos 
prev  iouslv . 

The  photo  pattern  data  elements  used  in  the  landform  identification 
process  are  described  in  the  following  paragraphs. 


5.2.1  Form,  Topographic  Position.  Topographic  position  is  the  expression 
of  physical  relief  of  the  land  surface  ns  developed  by  erosional  or 
depositional  processes  under  given  climatic  and  geologic  conditions.  The 
topographic  position  of  land  forms  is  described  in  terms  of  shape,  relief, 
and  slope.  Taken  together,  descriptions  of  these  features  can  provide 
valuable  clues  as  to  the  identity  of  an  unknown  land  form.  For  example, 
each  landform  of  glacial  origin,  such  as  moraine,  drumlin,  kame,  esker , 
and  lakebed  has  a  characteristic  shape,  relief,  and  slope.  l.ach 
glacial  landform  is  therefore  ident i 1 iabl r  as  a  singular  feature  by  stereo¬ 
scopic  observation,  and  often  is  uniquely  characterized  by  the  combined 
descriptions  of  shape,  relief,  and  slope.  The  description  of  fori:, 
includes  a  general  statement  about  the  topography  such  as  "plain,  level, 
gently  sloping  to  sea";  this  information  is  recorded  on  a  form,  such  as 
table  5.2. 


5.2.2  Drainage  System.  There  are  numerous  drainage  patterns,  and  the 
plan  views  of  some  are  presented  in  figure  5.2.  Six  patterns  are  basic, 
and  they  include  dendritic,  trellis,  radial  (centrifugal),  parallel, 
annular,  and  rectangular.  These  basic  typos  are  described  below. 

Dentritic  patterns  are  general lv  associated  with  landfornis  composed 
of  flat-lying  rocks  and  impervious  soils.  Folded,  tilted,  and  faulted 
rocks  often  create  lnndforms  that  are  identified  from  a  trellis  drainage 
pattern.  Cones,  peaks,  and  domes  of  igneous  materials  create  centrifugal 
(radial)  drainage  patterns.  Cently  sloping  landfornis  such  as  eolian 
plains  are  associated  with  a  parallel  pattern.  Annular  patterns  are 
associated  with  domes  of  layered  rock  with  variable  resistance  to 
weathering.  landfornis  with  rock  joints  or  angular  changes  in  rock 
materials  are  associated  with  a  rectangular  drainage  pattern. 


Thu  regional  cha  rat-  tor  is  t  i  cs  of  terrain  surfaces  are  often  indi¬ 
cated  hv  the  drainage  pattern.  The  drainage  pattern  mav  provide  a  clue 
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Figure  5.2.  Typical  Drainage  System  Patterns  (After  Parvis) 


concerning  dip,  strike,  or  type  of  bedrock  and  the  general  depth  of  tin 
surface  materials.  The  type  of  surface  material  is  reflected  in  the 
land  form  drainage  system.  For  example,  the  complete  absence  of  surface- 
drainage  indicates  pervious  materials  such  as  sand.  A  highlv  integrated 
system  with  branching  tributaries  indicates  an  impervious  soil  with 
poor  internal  drainage,  such  as  clay  or  silt. 

To  perform  a  drainage  analysis,  the  drainage  wavs  or  the  runoff  of 
watersheds  are  viewed  stereoscop ical ly  and  delineated  on  a  map  or  over  lav 
Tiie  collective  drainage  ways  form  a  pattern,  which  is  associated  with  a 
given  topographic/geologic  formation.  An  example  of  a  statement  de¬ 
scribing  the  drainage  pattern  is,  "dendritic  with  meandi ring  streams." 
Record  the  drainage  characteristics  in  a  photo  patt.rn  data  element  table 
for  each  landform. 

5.2.3  Fully  Characteristics.  ( 1  u 1 1 v  tliara*  t eristics  and/or  erosional 
features  observed  in  the  study  area  can  he  used  to  infer  airfare  mat.  rial 
and  soil  profiles.  This  inferred  i  nform.it  ion  can  K  used  to  iu.ntifv  m 
unknown  landform.  Natural  features  such  as  forests ,  however,  can  ob¬ 
scure  gully  characteristics,  such  as  cross  section  and  prof  i  It,  and 
thereby  reduce  the  usefulness  of  this  landform  indicator.  Also,  climatic 
conditions  can  complicate  the  interpretation  of  the  erosional  features ; 
therefore,  the  analyst  will  rarely  use  the  erosional  features  alone  to 
predict  the  identity  of  the  land  forms .  For  tip’s  reason,  the  collective 
photo  pattern  data  elements  are  needed  for  identifying  land forms. 

Ibere  arc-  four  general  t ross-sect  ion  classes  for  gullies.  bach 
class  is  associated  w i Lit  a  certain  surface  material  and  profile  (figure 
5.3).  V-Shaped  gullies  with  short ,  sleep  gradients  are  associated  with 
granular  materials  such  as  found  in  glacial  outwash  terrace  .  i.oessia! 
land forms  have  a  l-shaped  cross  section  near  the  headward  portions  of 
gullies.  Coastal  1'lain  land forms  have  sand / c 1  ay  erosional  features  with 
flat-bottomed  gullies;  sharp,  steep  side-slopes;  and  low,  flat,  gradients. 
Cohesive  soils  have  softly  rounded,  saucer — shaped  gullies  with  lone 
gradients  that  often  indicate  shale  uplands.  There-  i  s  no  spirit  ic  cuilv 
classification  for  land forms  consisting  of  lavored  soils  with  strong 
profiles.  The  analyst  should  he  a ware  that  the  gullv  <  toss  section  and 
profile  characteristics  can  he  misleading.  An  example  is  a  gullv  within 
or  near  the  boundary  of  a  terrace  or  a  valley  wall,  where  cross  soot  ion 
and  profile  exceptions  do  occur. 

The  gully  characteristics  are  described  in  general  terms  such  as 
"broad  U-shaped  or  V-shaped  with  steep  gradients."  As  the  gullv  char¬ 
acteristics  are  observed  stereoscopical  1 v ,  the  information  is  recorded 
on  a  photo  pattern  data  element  table  for  each  unknown  landform. 

5. 2. A  Specjal  Features.  There  are  certain  features  that  are  unique! v 
associated  with  specific  1  and form/sur face  conditions,  and  these  .  an  aid 
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Figure  5.3.  Gully  Characteristics  Cross  Sections  r-rr.f,ioS  Associate^  Soils 


Source:  Way.  D  S  Terrain  Analysis  1978.  '  Dowder  Hutch;- S  Poss.  'nr 
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in  the  landform  identification  process.  For  example,  vertical-sloped 
features,  such  as  catsteps,  pinnacles,  and  terracettes,  are  associated 
with  loessial  plains.  A  pinnate  drainage  system  with  U-shaped  gullies 
is  associated  with  loessial  upland  plains.  Sinkholes,  haystacks,  and 
other  karst  features  indicate  landforms  underlain  by  soluble  limestone 
bedrock.  Mottled  gray  tones  and  white-fringed  gullies  on  photos  indicate 
young  and  old  till  plain  landforms  respectively.  Stream  flow  scars, 
natural  levees,  and  cutoff  channels  indicate  alluvial  plain  landforms. 

In  arctic  and  subartic  regions,  landforms  will)  polygonal  patterns  in¬ 
dicate  soft  silts  and  expansive  clays. 

Special  features  should  be  examined  stereoscopicallv,  as  they 
may  be  unique  to  the  landform.  For  example,  "parallel  ridges  alter¬ 
nating  with  troughs"  are  characteristic  of  beach  ridge  landforms.  Record 
this  special  feature  information  in  a  photo  pattern  data  element  table 
for  each  unknown  landform. 

5.2.5  Color  (Photo  Gray  Tones).  The  gray  tones  depicted  on  panchromatic 
air  photos  are  the  result  of  surface  spectral  reflectance  variations. 

These  variations  result  from  terrain  factors  including  soil  color  and 
texture,  vegetative  cover,  soil  moisture,  and  slope/aspect.  Kvory  land- 
form  lias  an  observable  distribution  of  gray  tones,  which  is  a  manifesta¬ 
tion  of  the  surface  conditions  on  the  landform.  A  given  distribution  of 
gray  tones  may  or  may  not  be  a  definitive  identifier  of  a  landform.  The 
gray  tones  may  be  an  indicator  in  certain  situations.  For  example,  two 
landforms  which  can  he  indicated  by  photo  grav  tones  are  the  mottled 
gray  tone  of  a  young  glacial  ground  moraine  and  the  dull  uniform  gray 
tone  in  large  field  patterns  representing  glacial  lakeheds.  Ftudv  the 
photo  gray  tones;  then  describe  the  appearance  and  distribution  of  the 
photo  gray  tones  for  each  suspected  landform.  A  tvpical  description  is 
"light  tones  occur  on  cultivated  open  areas,  dark  tones  where  t  nr 
covered."  Record  this  gray  tone  information  in  a  photo  pattern  data 
element  table  for  each  unknown  landform. 

5.2.6  hand  Use.  often  the  way  in  which  humans  nfluence  the  land  can  he 
correlated  with  a  landform  or  soil  type.  Cultural  features  that  are  help¬ 
ful  in  identifying  1  anti f orni/so i  1  types  include  field  tiles,  ditch,  s, 
levees,  flood  walls,  gravel  pits,  orchards,  contour  plowing,  and  s  t  r I  s» 
cropping.  For  example,  the  field  tile  pattern  is  associated  with  low 
relief  features  and  it  can  indicate  flat  let  rain  with  cohesive,  fine¬ 
grained  soils.  Orchards  are  usually  associated  with  we  1  1 -d ra  i  n. d  land- 
forms  having  granular  soil.  Also,  landforms  with  eoa r -e-gra  i  nee 

soils  are  indicated  by  the  presence  of  gravel  pits.  Wei  1 -drained  uplands 
ot  dry,  siltv  soil  are  often  associated  with  certain  ■Tops  such  a;  wheat, 
bedrock  ot  economic  viluo,  like  limestone,  can  be  i  lent! lied  bv  v<-rticil- 
w.  tiled  quarries .  1  he  land-use  patterns  hI'mtv.  .!  on  the  photo  -In  ill  be 

recorded  in  a  photo  pattern  data  element  table  lor  e.u  h  uni  noun  landform. 


5.2.7  Vegetation.  Ground  conditions,  especially  moisture  ava  i  .  is  i  !  '  tv 
and  soil  texture,  can  be  inferred  from  the  types  of  vegetation  :  njnd  . n 
the  study  area.  These  inferred  ground  conditions  provide  information  that 
aids  in  the  landform  identification  process.  At  the  photo  scales  gener¬ 
ally  available  to  the  terrain  analyst,  only  gross  vegetation  classes  are 
easily  interpretable .  However,  one  may  expect  certain  types  of  vegetation 
to  occur  only  given  certain  soil  sit.'  conditions.  For  example,  jack  pine 
and  poplar  trees  are  commonly  found  on  well-drained  soils  such  as  sand  and 
gravel.  Spruce,  tamarack,  sycamore,  and  willow  trees  are  generally 
associated  with  landforms  having  wet  soil  conditions.  Moisture-tolerant 
trees  such  as  white  pine  and  aspen  may  he  found  on  eitiiei  dry  sites  with 
sandy  soils  or  wet  sites  with  silty-clay  soils.  The  nccuracv  of  infer¬ 
ences  based  upon  the  stereoscopic  observation  and  annlvsis  ot  vegetation 
should  be  field  checked  whenever  possible. 

The  analyst  should  describe  the  general  type  and  distribution  of 
vegetation  found  in  the  study  area.  Descriptions  should  inc'ude  state¬ 
ments  like  "pine  forest,  scattered  tree:  where  cultivated."  Record 
vegetation  information  in  a  photo  patt<  tv.  data  element  table  for  each 
unknown  landform. 

Finally,  the  analyst  compares  the  photo  pattern  data  element 
descriptions  with  a  matching  landform  selected  from  section  7.  based 
upon  this  comparison,  identification  of  each  unknown  laiuifonv.  in  the 
study  area  is  usually  possible. 

A  landform  study  example  is  provided  in  section  5.4  to  demons’  rate 
the  use  of  a  data  base  for  synthesis  of  pattern  elements  and  the  del  in. - 
ition  and  identification  of  landforms  on  a  factor  overlay. 

5.1  band  form  De 1  inoat  ion  and  Identification.  A  priori  background 
.  nfonnat ion  provides  an  initial  list  of  landforms  to  expect  in  the  study 
area.  With  these  choices  in  mind,  the  analvst  delineates  the  land! or ms 
on  the  factor  overlav  bv  v isua 1 i nine  the  boundaries  of  <■  r  h  i  uniform. 

For  example,  the  analvst  ;  tudvinc  a  coastal  plain  would  del  1m. it.  land- 
forms  such  as  tidal  liver  Mats,  illuvial  plains,  md  t>  it  ices.  'sing  a 
pen  (permanent  fluid),  the  analvst  marks  boundary  :  i  ins  eti  the  over  lav 
heel  in  order  f  ■  separate  land  t  orris .  Chose  lines  a  nr<  .Tit  f  be  e  i-uial- 
i  red  par!  it  ions  helve  .  n  lamltorrs. 


i  be  product  ion  •>!  a  I  and  1  i 
rati  ’n  the  my  1 . ■  t  sheet  wit!  the 
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'  tch  l  and!  nrr> .  i  1  >-v a  t  i  on  1 . i i ■» • !  s 
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spacing.  Contour  lino  spacing  along  the  drainage  ways  is  also  a  land form 
indicator,  as  the  contour  lines  are  more  dense  parallel  to  the  drainage- 
channels  for  the  higher  terraces. 


Boundaries  on  the  landform  factor  overlay  are  marked  where  tonal 
and  topographic  changes  are  apparent.  Usually,  tonal  and  topographic 
changes  occur  at  terrain  and  slope  breaks,  where  one  landform  surface 
interfaces  with  another.  These  breaks  enable  the  analyst  to  visualize 
boundaries  for  separating  landforms.  Stereoscopic  viewing  allows  the 
analvst  to  observe  relief-change  locations  between  contrasting  light  to 
dark  tones  that  represent  change  in  vegetative  cover.  Also,  it  is  useful 
to  observe  the  mosaic  and  the  topographic  map  alternately  for  these 
tonal  and  topographic  markings. 

Similar  conditions  can  be  observed  on  both  topographic  maps  and 
photo  mosaics  while  marking  boundaries  to  separate  the  more  level  forrs. 

A  low  density  distribution  of  gullies  is  representative  of  flat  or 
generally  level  terrain  with  low  relief.  Irregular  surf, ices,  scattered 
wooded  areas,  and  urban  built-up  terrain  assist  in  1  •  tea t i ng  boundaries. 
Irregular  relief  due  to  deeper,  more  frequent  gully  systems  indicates 
the  more  irregular  upland  surfaces.  When  viewed  stereoscop ica I  I v,  Liu' 
slope  break-tone  contrasts  are  indicative  of  relief  differences  in  tin- 
predominant  features. 

The  terrain  analyst  combines  all  of  the  observed  delineations  into 
one  factor  overlay  representing  boundaries  of  landforms.  hiscropano ies 
between  the  positions  of  boundaries  can  be  resolved  in  a  rational  manner. 
See  the  example  given  in  section  5.4  below  thn*  demonstrates  the  delinea¬ 
tion  process.  a  field  check  procedure  is  organized  as  an  ontion  for  verif 
cation  of  landform  boundaries,  vegetation  types,  engineering  soil 
characteristics,  etc.  If  the  field  check  is  not  possible,  then  ci-rili.  t- 
t ion  by  additional  photo  interpretation  is  important. 

5.4  Example:  1  ami  form i  Study 

5.4.1  Ue_ogra_phv.  The  study  area  location, in  this  case  the  terrai’ 
in  the  vicinity  of  Fort  Pelvoir,  Virginia  is  in  the  United  States  and 
therefore  easily  t  omul  on  a  state  road  rap,  a  geographic  at  la.' .  or  .< 

USAS  topographic  map  at  a  sea  I  <  such  as  1/250,  (MUi.  oiif-idt  t  !■<  Unite  : 
States,  stmlv  areas  can  be  1  oca  tod  on  geographic  atlases  er  t .  p.  g  rap!,  i  • 
raps.  Features  that  should  bo  noted  are  previnee  .and  or  -t.itr  bound. ir  i .  . , 
eoimtrv  boundaries,  urban  areas,  major  roads,  and  railroad  t i  ties .  p  - 
graphv  ,  which  refers  to  the  natural  and  eu 1 t ural 1 v- i  tidm-rd  variation  in 
land  1  »•>'.  Is,  can  he  extracted  from  a  l  ‘t:s  > 'uad  rang  1  e ,  a  j  "ai.no  • 

!  opogruph  i  c  map,  or  a  foreign  t  opogruphi  c  map  >1  ssii.it  i .  i  >•  a  !  e  •-.•  ti  , 

!>.  i  r  t  i  eu  1  .i  i  area  in  whieh  the  land;  TP!  stmlv  is  to  be  ..'ndueted.  lot-  t  be 
I  or  t  Be  1  \o  i  r  stmlv  area,  this  tvpe  ot  i  nt  erm.a  t  i  on  is  ext  r  let  ed  -:d 
described  in  this  section  i  n  the  order  shown  in  table  4.1.  An  ex.  cm  I  <■ 
of  tin-  extracted  i  nf  o rtaa  t  i  on  on  geo.-raphv  to]  lows. 


Example  -  The’  study  area  is  located  in  Fairfax  County,  near  Fort 

Belvoir,  Virginia  some  10  to  15  miles  south  of  Kashin. ’ton, 
D.C.  The  population  of  the  county,  nearing  400,000,  is 
primarily  urban.  The  area  is  well  served  by  transportation 
facilities  including  railroads,  e.g.,  Kie'nond,  Fredericks¬ 
burg,  and  Potomac;  major  highways,  e.g..  j  —  95  and  F.S.  1; 
and  airports,  e.g..  National  and  Dulles  International. 
Elevations  of  the  terrain  vary  from  lowland  to  high,  terrace 
locations,  i.e.,  *  10  feet  to  350  feet.  In  this  terrain, 

agricultural  areas  are-  very  limited  and  are  decreasing  as 
population  density  increases.  Appendix  B  provides  the 
1/250,000  scale  topographic  map,  one  source  for  the  above 
type  of  geographic  information. 

5.4.2  Climate .  One  of  the  best  sources  of  information  for  establishing 
the  climate  of  a  given  terrain  is  in  the  County  So i 3  Survey  published 

by  the  I’.S.  Department  of  Agriculture.  Climate  is  given  in  the  form  of 
.jean  annual  rainfall,  mean  annual  snowfall,  driest  season,  and  nor. out 
chance  of  frost  and  period  of  occurrence.  Further  information  may  be 
obtained  from  hydrological  and  meteorolog ic.t  1  hooks  and  published  papers. 
U.S.  Weather  and  Defense  Meteorological  agencies  offer  additional  sources 
of  data.  Typical  climate  information  extracted  for  the  study  area  is 
shown  by  the  following: 

Example  -  Fairfax  County  has  a  continental,  humid,  temporal  climate. 

Temperatures  vary  seasonally,  with  an  average  difference  of 
36  degrees  Fahrenheit  between  mean  winter  and  mean  summer 
temperatures;  the  average  for  the  coldest  month  (January 
or  February)  is  37°F.  Rainfall  for  the  year  is  about  41 
inches;  in  1953, May  had  7.4  inches  and  November,  about  1 
inch.  Snowfall  averages  as  much  as  15  inches  for  a  given 
year  and  is  heaviest  in  January.  I'he  frost-free  season  is 
about  175  to  200  days:  even  so,  the  ground  may  be  frozen 
to  a  depth  of  only  a  few  incites.  The  '-oils  of  the  countv 
are  quite  suitable  for  crops  adapted  to  these  climatic 
cond i t ions . 

5.4.3  Physical  Features  and  l.and f orms .  The  physical  features  of  the 
earth  are  divided  into  the  following  physiographic  units:  division, 
province,  and  section.  Also,  topographic  condition  may  be  classified  in 
terms  of  landforms.  The  extracted  information  of  this  nature  for  the 
Fort  Belvoir  study  area,  an  presented  on  the  Phvs  iogranl.  i  c  Diagram  of 
the  United  States,  is  briefly  described  in  the  following  example. 
Additional  information  is  in  appendix  B. 

Example  -  The  study  area,  a  portion  of  Fairfax  Count v,  Virgin*  i, 

contains  tidal  river  flats,  alluvial  plain..,  and  terraces. 
These  landforms  are  located  within  the  Fm*  i  ■•«>.!  S«  et  :  •  *t«  >i 
'he  Coastal  Plain;  simp  It-,  nearlv  flat  structures 
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consisting  of  unconsolidated  layers  occur  as  recent Iv 
elevated  levels  above  the  ocean  floor.  The  flat  topo¬ 
graphy  of  the  plain  imperceptibly  grades  easterly  from  the 
Piedmont  section  of  the  older  Appalachian  Province.  ibis 
smooth,  lowland  plain,  with  good  soil  and  climate,  lias 
ridges  and  hills  parallel  with  the  coast,  often  alternating 
between  hard  and  soft  rocks.  'I lie  lowland  formations  of 
this  portion  of  the  Coastal  Plain  are  weak  and  generally 
unconsolidated.  Some  areas,  after  rising  and  eroding, 
were  submerged  again,  forming  estuaries  drowned  by  the  sea; 
bays,  some  elliptical,  were  formed  in  low,  flat  coastal 
areas.  The  terrain,  in  general,  varies  from  tidal  river 
flats  (basin')  to  high  terraces. 

5.4.4  bedrock  a nd_  Surface*  Ceojogy.  Two  types  of  maps,  structural  and 
surficial,  offer  details  on  the  bedrock  and  surface  geology.  The 
structural  map  symbols  represent  tlu*  underlying  types  of  bedrock,  and 
the  surficial  maps  depict  the  surface  features  and  spatial  locations  of 
the  land  forms,  as  well  as  providing  brief  but  noteworthy  information 
concerning,  tin.’  landform’s  origins.  The  geological  data  given  in  the 
following  example  were  extracted  from  these  types  of  maps. 

Kxample  -  The  bedrock  underlying  the  sediments  of  the  Kmbayed  Section 
of  the  Coastal  Plain  consists  of  granite/gneiss,  gneiss, 
and  schist;  near  the  fall  line  granite  grades  easterly 
towards  t.io  coast  into  gneiss.  Fluvial  sediments  from  the 
Coastal  Plain  deposits  tiave  buried  the  bedrock,  and  gen¬ 
erally  no  outcropping  occurs  in  the  tidal  flats,  alluvial 
plains,  or  terraces.  The  bedrock  systems  are  at  sufficient 
depth  to  have  no  effect  on  landformsor  photo  patterns  in 
the  study  area.  The  unconsolidated  surface  layers  over¬ 
laying  the  bedrock  consist  of  marl  (lime'),  sand,  silt, 
and  clay  with  gravel. 

5.4.5  (>eneral_ Soi 1 s .  (lenerallv  state  and  other  government  agencies  have 
a  department  of  natural  resources  with  a  division  of  land  and  soil  that 
will  supply  a  general  soils  map  on  order.  Often  a  soil  survey  is  avail¬ 
able  on  a  county-by-count v  basis;  this  soil  survey  i published  in 
cooperat ionwith  the  l.S.  Department  o 1  Agriculture  Soil  Conservation 
Service.  The  soil  survey  report  usually  notes  the  tvpe  of  bedrock  f • 
which  the  soils  are  derived  as  well  as  the  surface  c haractcrist i cs  of 

the  local  soils.  In  most  of  the  published  surveys  the  soils  are  classi¬ 
fied  according  to  soil  associations,  which  represent  these  soils  having 
unique  characteristics.  The  data  for  given  assoc i a t i ons ,  including 
soil  tvpe,  drainage,  slope,  and  land  use  of  the  studv  area,  have  been 
extracted  from  the  Fairfax  County  Soil  Survey,  (for  more  detail  see 
appendix  B)  as  follows: 

l.xample  -  The  soil  descriptions  are  based  on  assoc i a t i ons  derived 


Iron:  the  Coastal  Plain  sediments  and  are  related  b.  land- 
forms.  The  alluvial  plain  and  low  tidal  flats  are  revered 
with  sand,  silt,  clay,  and  gravel  of  the  Matapeak- 
Mattapex-Weodstown  association.  The  intermediate  and  i.w 
terraces  are  occupied  by  Mat apeak-Mat tapes  and  Woodsfovt - 
Matapeak  loamy,  gravelly  sediments.  The  high  terrace  is 
occupied  by  the  l.l'NT-h.i  1  ly  and  steep  association  and 
consists  of  loamy  and  gravelly  sediments  carving  free,  we.- 1 
to  east . 

5.4.6  Hydrology  and  Drainage.  Streams  and  rivers  forming  the  major 
drainage  ehannels  are  found  in  the  study  area.  When  possible,  th<.  tvpe 
of  drainage  pattern  is  recorded  for  each  watershed,  and  the  succession 
of  smaller  to  larger  streams  is  noted.  Identifying  the  pattern  may  he 
lacilitated  by  searching  for  a  match  among  those  in  figure  5.2.  Typical 
data  that  are  extracted  from  available  hydrology  report-  (see  appendix  B) 
are  given  in  the  following  example. 

Example  -  The  unconsol idated  fluvial  clays  to  gravels  have  a  fairly 
well-developed  drainage  system,  although  there  are  some 
poorly-drained  areas;  the  overall  pattern  tends  to  be 
dendritic.  The  tidal  flat  and  alluvial  plain  landforms 
have  meander  systems.  Hie  low  terraces  have  no  general 
drainage  pattern,  and  some  wet  areas  are  artificially 
drained  for  cultivation.  The  high  terraces  are  character¬ 
ized  by  the  runof f  pattern  formed  by  the  erosion  of  the 
unconsolidated  sediments;  small  areas  are  poorly  drained. 

Ail  the  surface  runoff  flows  into  drained  channels  that 
eventually  empty  into  the  Potomac  River. 

5.4.7  Vegetation  and  [.and -Use.  Most  areas  of  the  world  have  maps  that 
show  the  distribution  of  vegetation  that  depicts  the  major  forests  from 
which  the  local  vegetation  lias  originated.  for  a  particular  area  under 
study,  the  forest  cover  is  noted  from  which  tree  species  may  he  Mrterred. 
In  the  example  used  here  the  following  data  are  extracted  from  the  Soil 
Survey  Report  (see  appendix  B) . 

Example  -  Orasses  and  weeds  occur  in  the  marshland  areas  of  the 

alluvial  plains  and  lowland  tidal  zones.  Forests  occupy 
most  of  the  terrace  landforms.  In  the  forested  areas  one 
may  expect  a  mixture  of  hardwoods  sucli  as  hickory,  maple, 
beech,  and  poplar  and  softwoods  such  as  Virginia  pine. 

The  forest  understorv  consists  of  laurel,  huckleberry, 
spicebush,  red  bud,  and  others.  White  oaks  and  red  oaks 
and  yellowpoplar  are  generally  associated  with  the  deep 
soils  of  the  Coastal  Plain.  Svcamore,  riv.r  birch,  white 
elm,  and  willow  occupy  alluvial  plains;  white  pin  enk, 
scrubby  white  oak,  and  post  oak  grow  in  the  lowland  clayey 
s oils. 
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i  .and-use  information  includes  agriculture*,  w-.»odl«.t  r>,  f. 'rests, 
orchards,  crave!  pits,  and  others.  Also  the  location  of  urban  areas  and 
res  .Jen  rial  structure  -  ire  recorded.  In  this  example  the  I  air:  ax  Count  y 
Soil  Survev  provides  the  descriptive  materials  (see  appendix  B) ,  a  source 
of  the  extracted  da:  shown  below. 

Txarx  '  •  -  •  en*  •  •  .1  there  is  a  mixture  of  industry  and  at  t  .  1  t  ur«. 

with  urban  and  military  facilities  occupying  the  land  forms . 
Transportation  facilities  are  adequate  with  major  roads, 
railroads,  and  airports  serving  both  commercial  and 
residential  facilities.  Schools,  colleges,  churches  and 
other  facilities  are  adequate.  The  population  growth  is 
steady,  with  a  good  labor  market  available  for  government 
and  industry.  Generally  there  is  no  threat  to  the  economic 
development  of  this  area. 

5.4.8  LANDSAT .  LANDSAT  data  recorded  in  digital  form  and  converted  to 
black  and  white  images  are  available  from  KROS  Data  Center,  Sioux  Tails, 
South  Dakota.  Mien  these  images  are  ordered  in  print  format  (copies  are 
in  appendix  B) ,  specify  winter  acquisition  dates,  bands  five  and  seven  at 
1:250,000  scale.  This  source  of  information  can  provide  a  useful, 
synoptic  view  of  major  drainage  systems,  land-use  patterns,  and  general 
lindforms.  Data  extracted  for  the  study  area  are  given  below. 

Kxample  -  The  study  area  is  of  diverse  character  as  evidenced  by  the 
variation  in  grav  tones  observed  on  hand-five  and  band- 
seven  images  of  LANDSAT.  One  area  of  uniform  dark  tone  is 
found  to  be  a  large  drainage  channel,  the  I’otoma  •  River. 

This  channel  is  especially  noticeable  on  the  band-seven 
print  because  of  its  black  tone.  All  the  drainage  channels 
are  shown  to  be  flowing  toward  the  Potomac  River.  The  image 
of  tite  'nigh  terrace  landform  exhibits  the  dendritic 
drainage  pattern.  The  region  contains  large  urban  areas 
that  appear  in  lighter  gray  tones  on  the  band-five  icace. 

Hie  large  undeveloped  i  lira!  areas  appear  darker  because  of 
the  vegetation.  The  agricultural  fields  an  identifiable 
by  their  rectangular  shapes  and  variable  tones,  from  light 
to  dark  depending  on  the  stage  of  crop  growth,  soil  tv:v. 
and  moisture  conditions. 

5.4.9  Airphoto  Index.  Photo  indexes  for  areas  in  the  1’nited  states-  can 
be  ordered  from  the  I’.S.  Department  of  Agriculture,  Production  and 
Marketing  Division,  Salt  Lake  City,  It. ill.  foreign,  .is  well  as  some  1 
indexes,  can  be  obtained  from  t  he  Defense  Mapping  Ag.encv  i'vd  rog  rapli  i  c 

'' apograph  ic  Center  (l)MAIIIC)  Washington,  D.t  .  i  he  phot  o  index  sheet, 
U'Uallv  at  l/b2,000  scale,  providesthe  idetll  it'-  "f  stereo  photos  to  be 
ordered.  It  also  aids  the  analyst  in  the  discernment  ot  1, Uniterm  and 
land-use  features.  An  example  is  given  on  the  next  page 
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t  .*  show  h.  *w  !  he 


photo  index  i,sco  nov  i  r;  appendix  B)  is  used . 

Examp  !  e  -  'I  he  photo  i  adex  for  the  Fort  Be  1  v  ’  i  r  area  \  as  obtained  '  Tom 
DM.MiTC  .  F  ron  Litis  index  photos  ' !  -8  (  t~  —4 1 )  and  .4 !  -x  <  i  . 

_.L  J  /40  ,()<>(>  scale  were  ordered.  Hie  index  was  also  used 
ior  a  synoptic  view  similar  to  tlmt  observed  on  LA.'.PS.-V.  of 
the  major  !  ;md forms ,  regional  drainage  patterns,  and 
transportation  and  other  facilities. 

5.4.10  The  Data  Base  Summarized.  The  short  narrative  description  g  i  Vi  n 
below  is  a  summary  of  specific  data  base  informal  ion  extracted  f rcr.  lit.-  r- 
ature,  maps,  and  inagerv.  The  coastal  Plain  is  simple,  nearly  fiat 
structure  consisting  of  unconsolidated  layers  of  marl,  sand,  silts,  and 
clay  recently  elevated  above  tin.  ocean  floor.  ’n  the  western  edge  at  •  ”e 
Piedmont  the  Coastal  Pin  in  begins  and  grades  irspereopt ihly  in  an  easts:  iv 
direction  to  the  coast.  This  relatively  smooth  surface  has  ridges  an1 
hills  parallel  with  the  coastline,  often  alternating  between,  hard  an:  -eft 
rocks.  The  low  to  high  level  forms  consist  of  tidal  river  flats,  :vnl 
plains,  and  low,  intermediate,  and  high  terraces.  Next  the  anal  vs t  l, gins 
the  detailed  analysis  phase  of  the  study  area. 

5.4.11  Air  Photos,  Stereo  Coverage.  Air  photos  can  be  obtained  from 
the  U.S.  Defense.  Mapping  Agency,  Hydrograph i o /Topograph i c  Center.  oiOH 
Brookes  Lane,  Washington,  O.c.  20315;  Aerial  Photography  Field  i>f: ice. 

AS  CS- US  DA ,  2222  West  2300  South,  P,0.  Box  30010,  Salt  Lake  C;tv,  tali 
84125;  U.S.  Geological  Survey,  EROS  Data  Center,  Sioux  Falls,  outh 
Dakota,  57198;  and  U.S.  Geological  Survey  National  Oartogr.rh:  Infor¬ 
mation  Center,  Reston,  Virginia,  22092.  For  the  air  phot,,  milvsis 
portion  of  the  study,  air  photo  scales  from  1/20,000  to  1  c  ,000  arc  ! he 
most  efficient;  smaller  scales  can  he  used,  hut  the  amount  and  accuracv 
of  data  on  land  forms  diminishes  with  the  scale.  The  example  given  below 
identifies  the  airphoto  coverage  (see  appendix  B)  used,  1.  1  lowed  by  the 
type  of  data  extracted  during  tile  stereophoto  study. 

Example  -  The  1/40,000  scale  air  photos  lor  tilt'  study  area  arc 

identified  as  S l  —  8 ( 5  7—4  I )  and  (42-46),  dated  27  Oct  72. 
These  airphotos  are  used  in  stereo  and  mosaic  form.  Muring 
the  stereoscopic  ohservai ion,  the  Photo  Pattern  Mata 
Element  intormat  ion  is  extracted  lor  one-  anticipated 
unknown  land  form.  To  illustrate  inis  procedure,  exampU  : 
of  informal  ion  oxlmcied  for  the  landlords  ot  the  Fort 
llelvoir  studv  .ii,u  loll  ov  (figure  5.4'.  Note  that  I  he 
extracted  dat  1  elements  are  listed  in  :  he  1  orn.it  suggest  e  ! 
i  n  t  ah  1 e  3.2. 

5.4.12  Topograph  i  c  Maps.  I  .S.  Geolog.ic.il  Survev  ('.'(‘A  quad  rang  1  e 

sheets  are  obtained  from  the  National  Cartographic  'niornat  ion  Cent<  r, 
Heston,  Virginia  32nu_’.  Te|  ogr.iph  i  i  raps  at  |/5(l,",t'i  I  •  ■  are  ordered 
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from  the  Defense  Mapping  Agency,  Hydrographic/Topographic  Center, 
Washington,  D.C.  20335. 

The  pertinent  types  of  topographic  information  obtained  from  USGS 
quad  sheets  and/or  U.S.  Army  map  series  are  as  follows:  maximum  and 
minimum  elevations  of  the  terrain,  with  ranges  of  elevations,  contour 
spacing,  and  densities  for  each  separate  landform  being  noted;  natural 
features  as  they  relate  to  vegetation  cover;  the  stream  patterns, 
meanders,  and  gradients;  and  the  cultural  features  such  as  roads,  rail¬ 
roads,  airports,  land  use,  and  extent  of  rural  and  urban  areas  and  other 
features.  All  the  pertinent  information  assists  in  preparation  of  the 
Photo  Pattern  Data  Element  descriptions.  The  maps  used  (see  appendix  B) 
and  an  example  of  the  data  extracted  for  the  Fort  Belvoir  study  area 
follow. 

Example  -  The  topographic  maps  at  1/24,000  scale  for  the  study  area 
are  the  Fort  Belvoir,  VA-MD  and  Annandale,  VA  sheets;  the 
1/50,000  scale  U.S.  Army  topographic  sheet  is  Indian  Head, 

MD;  VA,  sheet  5561  II,  Series  V733.  The  maximum  elevation 
for  the  study  area  is  about  350  feet  with  the  minimum  at 
low  tide  approximately  a  foot  or  so  above  mean  sea  level 
(MSL) .  The  elevation  ranges  for  the  several  landforms 
are  tidal  flat,  <  20  feet;  alluvial  plains,  20  to  40 
feet;  low  terrace,  20  to  100  feet;  intermediate  terrace, 

100  to  170  feet;  and  the  high  terrace,  170  to  270  feet 
with  some  scattered  locations  reaching  the  maximum  as 
given  above.  Vegetation  cover  consists  of  forests  to 
scattered  wood  lots  with  some  swampy  or  marshland  areas 
indicated.  One  major  stream,  the  Potomac  River,  flows 
through  the  study  area.  The  streams  and  large  creeks  are 
double-lined  on  the  map  in  areas  with  less  than  100-foot 
elevation;  hence  they  can  be  classed  as  rivers.  Elsewhere 
there  are  numerous  minor  streams.  At  the  lower  elevations, 
such  as  near  tide  level,  the  streams  meander  considerably. 

The  contour  spacing  varies  fron  widely  spaced,  which 
represents  the  flat-topped  terraces,  to  densely  spaced, 
which  indicates  the  steep  slopes.  Many  state  and  county 
roads  crisscross  the  study  area  along  with  major  inter¬ 
state  routes  connecting  the  important  local  urban  areas. 

Major  rail  lines,  with  north-south  and  east-west  orienta¬ 
tions,  traverse  the  study  area  terrain,  serving  the  diverse 
land  use,  which  varies  from  urban  to  rural  in  character. 

The  cultural  land  cover  is  scattered  farmland  to  residential, 
commercial,  and  industrial;  military  reservations  occupy 
much  of  the  land.  Additional  specific  information  related 
to  each  landform  is  given  in  figure  5.4. 


5. 4. Id  Landform  Factor  Overlay.  The  earlier  paragraphs  have  given  the 
a  priori  background  information  and  its  revelation  of  landform  expecta¬ 
tions  and  the  photo  pattern  data  elements  of  each  landform  in  the  vicinit 
of  Fort  Belvoir.  With  knowledge  of  the  expected  landforms ,  the  factor 
overlay  delineation  is  begun.  A  description  of  the  procedure  for 
delineating  the  landform  factor  overlay  is  given  as  follows:  The  analvst 
1.  .  utos  ana  delineates  the  boundari  of  tidal  river  flats,  alluvial 
plains,  and  terraces.  With  the  overlay  mylar  sheet  registered  to  the 
airphoto  mosaic  and  using  a  plastic  marker  (.permanent  fluid),  the  analyst 
delineates  the  boundaries  of  each  landform,  placing  lines  in  position  on 
the  overlay  that  he  visualizes  as  the  separations  or  partitions  for  the 
landforms.  An  early  step  in  the  procedure  is  to  mark  at  strategic 
locations  spot  elevations  for  each  landform;  these  elevations  are  read 
off  the  topographic  map  and  placed  in  corresponding  locations  on  the 
mosaic/overlay  for  the  analyst  while  distinguishing  the  several  unknown 
landforms.  For  example,  the  tidal  river  flat  has  elevations  less  than 
20  feet;  these  are  placed  on  the  overlay  in  spots  recognized  as  part  of 
the  tidal  river  flats.  At  the  next  level,  elevations  between  JO  and  40 
feet  are  used  to  distinguish  the  alluvial  plain;  the  analyst  uses  the 
wide  contour  spacing  and  pattern  of  stream  channels  to  depict  this  ter¬ 
rain  level.  The  low  and  intermediate  terrain  landforms,  from  low  to  high 
level  respectively,  occupy  locations  within  the  20-  to  100-  foot  contours 
and  100-  to  170-  foot  contours.  The  high  terraces  occupy  elevations 
higher  than  170  feet.  Again,  for  these  ranges  of  elevations  the  contour 
spacing  assists  with  discriminating  the  terrace  locations.  The  terrace 
landforms  have  the  more  dense  contour  spacing,  whereas  the  alluvial  plain 
and  tidal  flats  have  the  wider  contour  spacing.  The  midterrace  landform 
contours  have  the  intermediate  spacing.  The  relative  contour  spacing 
density  along  drainage  ways  is  also  an  indicator;  the  contours  are  closer 
together  in  the  upper  terraces  and  further  apart  in  the  tidal  river  flats 

The  landform  boundaries  are  observed  on  the  airphoto  mosaic  and 
marked  on  the  overlay  where  tonal  and  topo  changes  occur.  Usually 
useful  tonal/topo  changes  are  formed  at  the  terrain  slope  breaks,  where 
the  higher  surfaces  change  to  lower  terraces  or  the  lower  terraces  change 
to  tidal  river  flats.  The  topographic/tonal  breaks  provide  the  boundary 
lines  between  the  landforms.  When  the  terrace/tidal  flat  boundary  line 
is  being  marked  on  the  overlay,  the  analyst  visualizes  the  topographic- 
break  while  looking  through  the  steroscope  for  the  relief  change.  The 
analyst  also  looks  for  the  contrasting  dark/light  tones  representing 
the  forest  cover  versus  grassland  cover  occurring  at  the  tonal/topo  break 
The  airphoto  mosaic  and  the  topographic  map  are  observed  alternately  for 
these  tonal/ topographic  markings. 

Similar  observations  are  used  lor  separating  terraces.  The  flat, 
generally  level  terrain  with  low  relief  and  low-frequency  gully  distribu¬ 
tion  represents  the  low  terraces.  This  terrain  is  contrasted  with  the 
higher  irregular-surface  of  the  high  terraces  of  both  scattered  wooded 
areas  and  urban  built-up  terrain.  The  deeper  more  frequent  gully  systems 


contribute  to  the  irregular  relief  that  is  characteristic  of  this  terrain 
The  analyst  visualizes  these  tonal/topographic  contrasts  and  marks  on 
the  overlay  the  lines  that  represent  the  boundaries  between  upland  and 
terrace.  Stereoscopically ,  the  slope  break-tone  contrasts  are  based  on 
observing  relief  differences  in  the  predominant  features.  The  Fort 
Belvoir  landform  overlay  at  reduced  scale  is  shown  in  figure  5.5. 


Figure  5.5.  Landform  Factor  Overlay. 


6.  SURFACE  ROUGHNESS  ANALYSIS  METHODS 


6.1  General. 


Surface  roughness,  as  used  in  this  guide,  refers  to  all  surf. -a  . 
irregularities  that  are  too  small  for  mapping  because  their  heiciit  are 
less  than  the  map  contour  interval.  For  a  typical  1:50,000  sca'e  lorv- 
graphic  map  with  a  contour  interval  of  20  meters,  all  linear  or  anal 
irregularities  with  a  height  of  greater  than  1.5  meters  but  less  than 
20  meters  are  referred  to  as  surface  roughness. 

The  analyst  is  concerned  with  one  of  two  approaches  in  arriving  at 
a  surface  roughness  index  (SRI).  The  first  approach,  outlined  in 
section  3.0,  is  a  fast  means  of  determining  surface  roughness  and 
utilizes  the  experience  of  the  analyst  along  with  the  assigned  land fort. 
SRI  values  that  appear  in  section  7  of  this  guide.  This  approach  will 
probably  be  used  by  the  analyst  after  familiarity  is  gained  with  those 
landforms  included  in  section  7.  The  second  approach,  detailed  hen  in 
section  6,  is  based  upon  quantitative  measurements  taken  from  topo¬ 
graphic  maps  and/or  aerial  photos.  This  approach  should  be  used  bv 
analysts  unfamiliar  with  either  the  given  study  area  or  section  7,  and 
also  in  special  situations  where  the  analyst  is  unsure  of  the  estimated 
SRI  for  a  given  landform  or  portion  thereof. 

The  second  approach  consists  of  two  SRI  analysis  methods:  the  topo¬ 
graphic  map  technique  and  the  airphoto  analysis  technique.  The  end 
product  of  either  analysis  is  the  SRI,  which  is  a  measure  of  the  number 
and  frequency  of  occurrence  of  irregularities  of  less  than  a  map  contour 
interval  for  a  given  landform.  The  numbers  shown  in  the  SR7  overlay 
legend  (figure  6.1)  correspond  to  various  levels  of  surface  roughness 
(the  higher  the  number,  the  greater  the  roughness). 

6 . 2  Surface  Roughness  Factor  Overlay  Proced u re . 

The  determination  of  surface  roughness  requires  the  services  of  a 
skilled  terrain  analyst,  who  visualizes  the  land form's  surface  roughness 
and  makes  inferences  concerning  the  existing  irregularities.  For  example, 
some  landforms  commonly  contain  erratics  or  boulders  that  are  net 
mapped  topographically  and  are  even  too  small  to  bo  seen  <>v.  aerial  photo¬ 
graphy.  When  the  analyst  has  corrcctlv  identified  the  land  for"-.  using 
the  guidelines  of  section  5,  he  is  abli  to  infei  the  surface  roughness  in 
terms  of  the  occurrence  of  boulders. 

The  tools  available  to  the  terrain  analyst  to  accomplish  this  chore 
are  typically  the  7b  minute  topograph i<  quadrangle,  or  l/v'.OOO  scale 
topographic  map,  and  aerial  photography  at  a  scale  larger  titan  1  '10,000. 
Obviously ,  the  larger  the  scale  of  the  photography,  the  greater  is  the 
detectability  of  surface  roughness  features.  Informal  studies  have  shown 
that  there  is  perhaps  an  exponential  increase  in  the  ohs.  rved  nurhe:  ■! 
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Figure  6  1  Surface  Roughness  Factor  Overlay 


ground  indicators  of  surface  roughness  as  the 
Unfortunately,  the  aforementioned  large-scale 
available  to  the  terrain  analyst.  Therefore, 
surface  roughness  must  be  made  by  the  analyst 
knowledge,  and  experience. 


photographic  scale  increases, 
photography  is  not  usually 
inferences  concerning 
based  on  indicators. 


Using  the  guidelines  in  section  5  and  working  with  the  7b  minute 
or  1/50,000  scale  topographic  map,  the  terrain  analyst  identifies  the 
landform.  However,  the  topographic  map  does  not  give  as  much  ground 
detail  as  does  the  aerial  photography  of  similar  scale.  Therefore, 
these  data  sources  are  used  together  to  determine  the  surface  roughness. 
The  topographic  map  prov.Jes  an  overview  of  the  terrain,  and  the  aerial 
photography  provides  the  more  detailed  information. 


The  surface  roughness  overlay  is  prepared  by  first  delineating  and 
identifying  areas  of  the  terrain  representing  each  landform.  As  shown 
in  figure  6.1,  the  numerical  SRI  value  then  replaces  the  landform 
designation. 


6 . 3  Obstacle  Analysis  Technique . 

There  are  three  general  classes  of  land  obstacles  to  be  treated  in 
this  section:  point,  linear,  and  area.  These  features  are  ground 
obstacles  only  and  are  recorded  on  the  surface  roughne.'  >  overlay. 
Obstacles  related  to  surface  drainage  are  shown  on  the  watercourses  and 
water  bodies  factor  overlay.  Point  obstacles  are  features  greater  than 
1.5  meters  high  with  near  vertical  faces  that  are  too  small  to  be 
portrayed  as  an  area  obstacle.  Linear  obstacles  are  hinderances  greater 
than  1.5  meters  high  with  near  vertical  faces  and  are  at  least  2mm  long 
at  map  scale  (100m  ground  distance  !?  1/50,000  scale).  Area  obstacles 
are  ground  features  with  greatest  dimension  of  at  least  2mm. 

The  obstacles  under  consideration  are  both  natural  anJ  cultural. 
Natural  obstacles  include  depressions,  vertical-walled  gullies,  ridges 
and  knobs,  escarpments,  boulders  and  erratics,  and  rock  outcrops. 

Cultural  obstacles  include  rock  fences  and  walls,  quarries  and  gravel 
pits,  road  and  railway  cuts/fills,  hedgerows  and  retaining  walls.  Often 
these  types  of  obstacles  do  not  show  up  on  1/50,000  scale  topographic 
maps  or  on  aerial  photos  at  scales  smaller  than  1/20,000.  Because  of 
this  detectability  problem,  the  terrain  analyst  needs  to  be  familiar 
with  the  terrain  types  (landforms)  in  order  to  make  the  proper  infer¬ 
ences  as  to  the  character  and  properties  of  observed  obstacles. 

The  inference  process  requires  an  experienced  terrain  analyst  who 
-.in  recognize  the  landforms  being  observed  in  the  airphntos.  The  ana] vs t 
may  not  visually  detect  the  smaller  obstacles  directly  but  infers  their 
presence  indirectly  from  his  knowledge  of  the  terrain  tvpc.  l'or  example, 
wl.en  a  landform  has  been  identified  as  a  glacial  end  mo r aim  ,  the 
experienced  analyst  ’hen  expects  to  find  boulders,  even  though  t he 
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position  of  each  boulder  is  not  detected  on  the  airphoto.  In  the  case 
of  a  flood  plain  landform,  once  this  type  of  terrain  is  re  ionized,  the 
analyst  will  expect  to  find  gravel  pits  with  steep-walled  areas,  or 
steep-walled  canals.  Eolian  landforras  often  contain  steep,  perhaps 
vertical-walled  gullies  and  roadway  cuts  which  commonly  occur  in  loessial 
soil.  Another  example  of  this  inference  process  occurs  in  limestone 
plains  where  the  analyst  expects  to  observe  such  features  as  rock  exposed 
along  roadway  cuts,  sinkholes,  rock  fences,  and  erratics.  Sandstone  and 
shale  upland  plains  may  also  be  expected  to  contain  obstacles  similar  to 
those  noted  above. 

In  every  case,  the  analyst  must  attempt  to  specifically  locati 
all  land  obstacles  and  symbolize  each  with  the  appropriate  svmbol  on  >• 
surface  roughness  overlay.  If  the  available  source  materials  are  in¬ 
adequate  for  detection  of  the  smaller  obstacles,  a  ncripti  ve  note 
should  be  provided  which  describes  in  general  the  types  and  locations  ,  t 
obstacles  the  user  can  expect  to  encounter. 

6 . 4  Topographic  Map  Analy s i  s^ _Te chnique . 

This  section  describes  the  topographic  map  analysis  technique  for 
finding  SRI's  of  landforms.  The  technique  involves  the  use  of  topographic 
maps  to  obtain  quantitative,  repeatable  surface  roughness  measurements. 
These  measurements  of  contour  spacing,  fence  row  frequency,  number  of 
contour  bends,  contour  bend  wavelength,  and  contour  bend  amplitude  require 
the  use  of  a  grid  and  scale  and  are  labled  A,B,C,D  and  E  respectively 
in  table  6.1.  After  measured  data  are  obtained,  a  surface  roughness 
index  is  computed  as  shown  later.  The  SRI  provides  a  numerical  index 
for  the  landform.  A  flow  diagram  of  the  topographic  map  technique  for 
SRI  derivation  is  shown  in  figure  6.2. 

To  facilitate  the  surface  roughness  measurement  procedure,  it  is 
suggested  that  an  identification  number  be  temporarily  assigned  to  each 
bounded  landform  on  the  overlay.  This  should  make  it  easier  to  keep 
track  of  which  landforms  have  been  measured  and  also,  n  the  case  of  a 
questionable  SRI,  it  is  possible  to  go  back  later  and  find  the  same 
landform.  The  following  paragraphs  discuss  the  method  of  obtaining, 
measured  surface  roughness  data  from  a  topographic  map. 


6.4.1  Measured  Data  -  For  determining  the  measured  data,  an  appropriate 
size  grid  Is  required  (figure  6.3).  The  grid  is  prepared  on  a  sheet  of 
clear  acetate  and  is  composed  of  a  number  of  cells,  which  art  formed  l>v 
the  intersection  of  vertical  and  horizontal  lines.  The  grid  should  he 
drawn  with  an  extra-fine  pen.  The  vertical  lines  are  lettered  AA-KE, 
and  the  horizontal  lines  are  lettered  EE-1,1,  as  shown  in  figure  6.3.  Each 
grid  cell  should  be  2.5  cm  x  2.5  cm  or  approximately  1  inch  x  1  inch 
(1  inch  =  2.54  cm).  The  observation  of  measured  data  is  based  upon  a 
standard,  linear  ground  distance  of  4000  feet.  Since  the  length  of  a  s i.U 
of  a  cell  represents  2000  feet,  the  measurements  are  made  aim/  the  a  !<  s  . 


Table  6  1  Format  for  Recording  Topographic  Map  Surface  Roughness  Measurements. 


NN 


TOPOGRAPHIC  MAP  TECHNIQUE  FOR  SURFACE  ROUGHNESS 


Figure  6  2.  Flow  Diagram  of  Topographic  Map  Technique  for  SRI  Derivation 
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two  cells.  lor  topographic  maps  with  other  scales,  the  grid  must  be 
asjusted  according  to  the  ratio  given  in  Equation  6.1: 


Ll  =  il  (6.1) 

L2  s2 

L|  =  grid  dimension  for  1/24,000  scale 
L2  =  grid  dimension  for  scale  of  interest 
Si  =  1/24,000  map  scale 
S.-,  =  map  scale  of  interest 

The  result  of  this  calculation  insures  that  the  grid  dimensions  are  prop¬ 
erly  adjusted  for  differences  in  map  scale.  As  an  example,  consider  the 
use  of  a  topographic  map  with  a  scale  of  1:50,000.  The  proper  dimensions 
for  the  grid  are  determined  by  equation  6.1.  Here  S2  =  1:50,000:  thus 
the  cell  size  Lg  can  be  computed  as  follows: 

2.5  cm./  =  1/24,000 
2  1/50,000 

=  1.2  cm 

f ■  rid  dimensions  for  topographic  maps  of  various  scales  are  shown  in 
table  6.2: 


Table  6.2  Grid  Dimensions  for  Various  Map  Scales 


Sca_l_e_ 


Length  j vf_ _S ides 


1  -.24,000 
1 : 50 ,000 
L '.  62 , 500 
1 : 125,000 
1 : 250, 000 


2.50  cm. 
1.20  cm. 
0.96  cm. 
0.48  cm. 
0.24  cm. 


Those  grids  arc  shown  in  figures  6.3  and  6.4.  in  the  toliowinr  'para¬ 
graphs  the  factors  required  in  calculating  the  s!< }  are  I<'tterec.  \,K,  eta  . 
in  the  same  sequence  as  shown  in  the  columns  ot  table  6.1 . 

A.  Contour  Sjtacing  -  The  grid  on  clear  plastic  is  laced  over 
representative  portion  of  .1  given  land  form  on  me  .  oiv  r  aph  1  c  ".ap  a~  in 
figure  6.5.  Once  the  grid  is  in  place  ,  the  edges  of  t  i,e  <  1  ear  pla-A  i> 
sheet  are  taped  down  t"  prevent  the  grid  I  nr  raving.  i  1  ■  nr  ■,  1  <1  is 
follows:  count  all  contour  lines  crossing  e,n  h  vertical  line  (  'I' 

and  horizontal  line  (IT-!, 1.1,  divide  tin.  .aim  eat  <  - 1 1  •.  d  :  ■')  ,\  ::d 

i  I -1,1,  hv  3  and  2,  respective!'.',  then  total  t  a.  e  alia-  ,  ns  .  .  at «  '  ;■■■■ 


H 


B 


C 


Fig.irp  F  A  I'idr  Uc-od  with  V"> 


ABCDEFGHI  JK 
Grid  Used  wdh  1  125.000  Topographic  Mar 


A _ 0  E  G  I  K 


<_ : . . v  -  - .  11. i-  v- 1 1  in.-.:,  should  hi-  recorded  in  tail.  .e.cv:.  f,,,  t 

horse  l  ..Vi  ,  F.entuckv  map  sheet ,  table  6.3.  (.clum  A,  i  siunir  s;  u'ins 
in  .  '  '■  cm..',  is  .-i;hd  i  vidod  into  two  columns.  Column  A 1  lists  the  numb.  r 

i  t  i:"us  that  each  a  r  i  <1  lino  is  rrossod  l>v  a  cnntour  lino,  and  nd  ura  A? 

gives  the  contour  spacing  per  5  on  for  eneh  grid  lint-'.  in  this  examp  1  o , 
the  l  into st one  plain,  there  is  an  average  of  17.1  contour  1  iiu-s  per  :•  et::. 

It  is  net  always  possible  to  us<  the  entire  grid  ! or  a  ;•  i von  p  Tt ion 

of  tin  landferi::.  in  that  case,  use  a  portion  of  the  grid  that  satisfact¬ 
orily  overs  the  study  a.rea.  The  values  recorded  in  col  ur.n  A!  are  divid'd 
by  the  proper  number  as  shown  in  the  lef t-hand  column  r  <  obtain,  tin  number 
of  contour  lines  per  *>  cm.  For  example ,  if  there  art  onl  v  •-  horizon*  il 
grid  lines,  i.e.,  FF-11,  the  values  of  column  A1  for  A  —  !a K  are  divided  hv 
1.5.  If  necessary ,  the  grid  overlay  can  be  expanded  to  cover  r->re  map 
area.  Also,  one  must  bo  careful  to  note  the  contour  interval  on  the 
topographic  map.  'Tic  technique  explained  here  has  been,  developed  for 
the  10-toot  contour  interval  as  a  standard,  but  for  any  other  contour 
interval  a  correction  will  be  required.  For  example,  if  given  a  Topo¬ 
graphic  zap  with  a  'O-foot  contour  interval,  the  final  average  in  column 
A  is  rut!  tipi  ieci  be  5.  Here  one  counts  all  the  contour  linos  intersecting 
vertical  and  horizontal  lines  on  the  grid  overlay. 

B.  1  on ci  Row  Frequency  -  Fence-  rows,  as  used  in  this  guide,  re  :\  t  to 
all  linear  manmade  features  that  occur  or.  the  surface  of  the  terrain. 

These  features  induce  true  fence  rows  that  usually  represent  proper tv 
lines  and  are  denoted  on  the  t’SC.S  1:24,000  scale  topo-riphic  map  by  red 
dashed  lines.  Also  grouped  in  this  category  are  roads,  telephone  lines, 
pipelines,  and  power  lines.  The  measurement  procedure  followed  is  the 
same  as  the  one  discussed  for  contour  spacing,  except  that  fence  rows 
are  counted.  For  example,  the  limestone  plain  has  3.2  fence  rows  per 

5  cm  (see  table  6.3).  It  is  noted  that  true  fence  rows  are  not  depicted 
on  O.S.  Army  1:50,000  or  smaller  scale  topographic  maps. 

C.  Number  of  Contour  Bends  -  Fsing  the  grid  placed  on  the  map,  select 
one  contour  line  within  each  cell.  The  selected  contour  line  should 
intersect  opposite  grid  lines.  For  each  contour  line,  count  the  number  of 
bends  within  a  grid.  ibis  value  represents  the  number  of  bends  per  2.5 

c.". .  Record  these  values  as  shown  in  column  Cl  of  table  h.3.  It  is  not 
necessary  to  include  every  cell  and  it  may  be  impossible  to  do  so  for  some 
terrain.  Although  the  precision  will  be  enhanced  with  a  greater  number 
of  measurements,  be  sure  a  representative  sample  of  the  landform  is  used. 
To  obtain  the  number  of  contour  bends  per  5  cm,  double  the  results  of 
column  Cl  and  record  these  values  in  column  C2.  Then  total  column  C2 
and  compute  the  average.  As  measured  and  recorded  in  table  6.3,  the 
limestone  plain  has  25.5  contour  bends  per  5  cm. 

D.  Contour  Bend  Wavelength  -  As  with  the  contour  bends,  select  a 
representative  cell  sample,  where  one  wavelength  measurement  may  be  made. 
The  measurement,  which  represents  the  distance  between  the  peaks  of  the 
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Table  6. 3. Topographic  Map  Surface  Roughness  Measurements  —  Horse  Cave.  KV. 

Study  Area:  Hort<  Cave.  K.V 

Landform  No  : _ ! _  Scale:  LJkj  '  _ 
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•  >.  (figure  O.c.) ,  Jtcmincd  wi;;.  .  ■  .»?  j,.vt  so.-i  jo.  Take  tifUTi 

:r.<  -i-iuroments  and  record  these  values  and  totals  •  shown  in  column  L  .*f 
table  f> ,  3 ;  then  compute  the  average.  TK  aver  age  wave!en>  r.h  for  top  • 
gt  ;.ph I c  tap  of  scales  ether  than  1 :  24 , QOD  nv.nt  b-  a.!  justed.  For  examp ! 
■  a  t  opogr  aph  i  e  map  with  1:62,500  scale,  the  average  wavelength  is  com- 
'".iced  as  0.10  cm;  the  ad  justed  average  wavelength  is  obtained  bv  the  pro 
r  t  i  or.  shewn  below. 


v 

0.10  cm 


1 /_24 , 000 
1/62,500 


62,500 
24 ,000 


(0.10  cm.)  =  0.26  cm. 


K.  Contour  bend  Amplitude  -  This  procedure  requires  measurement  of 
the  amplitude-  of  representative  contour  bends  (figure  6.6).  For  the 
example  being  used,  the  values  obtained  for  the  amplitude  measurements 
are  recorded  as  shown  in  column  E  of  table  6.3.  In  this  case,  the 
average  amplitude  for  the  limestone  plain  is  C.17  cm.  Note:  It  is  a 
good  idea  to  measure  the  amplitude  on  the  contour  bend  on  which,  the 
wavelength  measurement  was  made. 


Figure  6  6  Wavelength  and  Amplitude  of  a  Contour  Bend 

6.4.2  Surface  Roughness  Index  (SRI)  from  Topo  Map  Measur ores  -  The 
SKI  is  calculated  from  the  following  equation: 

SP.t  =  P./D  Va+C  +  0.1  (B)  (6.2) 

Where  A  =  No.  of  contour  lines  per  5  cm.  or  per  1.2  km. 

B  =  No.  of  fence  rows  per  5  cm.  or  per  1.2  km. 

C  =  No.  of  contour  bends  per  5  cm.  or  per  1.2  km. 

I)  =  Contour  bend  wavelength  (cm.) 

E  =  Contour  bend  amplitude  (cm.) 

Equation  6.2  was  developed  for  the  1/2A.000  scale  topographic  map.  The 
terms  within  the  equation  have  to  be  weighted  differently  for  smaller 
scale  topo  maps  where  the  detail  is  sparce.  The  contour  detail  para¬ 
meters,  A  and  C,  are  summed  together  and  considered  to  be  an  exponential 
function.  This  term  is  then  multiplied  by  the  ratio  of  the  contour  bend 
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amplitude  to  the  contour  bend  wavelength.  The  amp  1  i  t ude  term  ref  1  tc.tr. 
the  degree  to  which  the  terrain  is  undulating.  '.he  signer  the  nu:u  r  Lnr 
the  higher  is  the  value  for  the  SR L  representing  tin-  surface  roughness. 
The  measured  value  for  wavelength  to  a  large  extent  depends  <41  the  .kr  : 
of  the  gully  pattern;  this  value  is  in  the  denominator;  hence,  the  -mall 
the  value  of  this  term,  the  greater  is  the  surface  roughness.  :n  . e:::~ 
bination,  larger  values  of  amplitude  and  the  smaller  values  v:avelengt 
result  in  greater  SRI  values.  The  term  for  fence  row  i requeue*  is 
identical  to  that  found  in  the  equation  used  in  the  ai robot ■  nnaiv  ; 
technique,  as  will  be  shown  later. 


Surface  roughness  index  values  will  vary  for  a  >.  i  v.  a  la:..:!  •  r :  . 
For  example,  if  the  grid  is  removed  after  an  initial  '-R1  •.  valuation  .p. 
then  replaced  on  the  map  for  a  second  SRI  evaluation,  the  grid  ;  . 

will  alter  the  measurements'.  The  values  for  the  i  r.ntrnr  nc  v.v»  '  esc ’ 1 
and  amplitude  are  the  most  variable  because  of  the  difficult’.-  >n  nrv 1 
a  representative  portion  of  the  1  and  form.  The  ratio  <•:'  t  s  •  ...plitude  n 
wavelength  produced  the  largest  effect  on  the  final  RRT  value.  Rut  it  i 
encouraging  to  note  that  the  SRI  values  did  not  vary  by  an  amount  great- 
than  +1  for  consecutive  tr.«p  measurements.  For  instance,  the  initi/T  SR  i 
value  for  the  limestone  plain  was  found  to  be  3.79,  as  shown  below,  com¬ 
pared  to  a  subsequent  measurement  giving  an  SRI  =  3.38.  Using  equat  ion 
o.2  for  the  limestone  land  form,  wo  calculate  the  'FI  f  r  an  the  i\n 
a; measurements  noted  in  table  f>.  3  as  follows: 


SRI  =  fHsl'717-1  +  25'5  +  :  1  •  •  (3.21  -  3.7b 

The  procedure  shown  above  should  assist  the  terrain  analyst's 
understanding  of  surface  roughness  estimation  by  Cite  use  of  the  topo¬ 
graphic  man  '  ■  .'Unique.  The  main  advantage  of  chi-,  technique  is  :  hat  i  : 
provides  .tematic  process  for  calculating  the  surface  roughness  of 

various  I  'informs  as  found  on  a  topographic  map.  It  should  be  emphas  i  ;a 
however,  that  equation  6.2  may  need  refining  after  test 'ng  at  map  nul.s 
different  from  1/24,000;  the  present  results  are  'til!  ■■■'mewha^  ten:  af 
As  this  systematic  process  i  <t  applied  and  as  one  hi  .•  >r.e>;  familf  ir  v  i  t  b 
various  landforms  and  their  SRI  characteristics,  men  cons  i  -.tent  con¬ 
clusions  may  be  expected. 

C.5  Airphoto  AnajAts_is_  Teciiniaue. 

The  analysis  involves  an  orderly  sequence  of  slips  as  follows: 

1.  The  determination  of  an  est  imated  SRI  value  based  on  ! ho  analv-t 
general  expectation  for  a  given  land  form  resulting  ‘Vom  his  initial 
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ubsc -rv.it  ions  of  the  airphoto  patterns. 

An  airphoto  analysis  of  surface  roughness  proper t ies. 

3.  Calculation  of  SHI  using  equation  6.3. 

A  flow  diagram  that  summarizes  the  airphoto  technique  for  SKI 
derivation  is  given  in  figure  6.7. 

6.5.1  estimated  SRI  from  Airphotos.  The  estimated  SKI  is  determined  a; 
the  analyst  initially  becomes  familiar  with  thi  land  fort,  and  it*  oxptes.- 
on  the  airphoto.  The  photography  is  scanned  for  those  irregularities  on 
the  terrain  that  are  directly  responsible  for  ground  surface  roughness 
such  as  contour  bends,  gullies,  point  obstacles,  fence  rows,  tonal 
changes,  and  linear  obstacles — and  each  of  these  features  is  counted.  A 
with  the  topographic  map  analysis  technique,  the  analyst  visualizes  the 
landform  as  ranging  from  a  smooth  surface  such  as  a  lakohed  (SRI  -  1)  to 
a  rugged  mountain  (SRI  =  8).  The  analyst  estimates  the-  character  of 

the  irregularities  and  assigns  an  SRI  value.  This  estimated  SK!  can  lu 
derived  more  systematically  as  is  shown  in  the  following  paragraphs . 

6.5.2  Calculating  the  Surface  Roughness  Index.  liquation  6.3  below  is 
used  to  determine  a  surface  roughness  index  from  measurements  ot  ai rphot 
The  SI.  I  value  derives  from  this  equation  for  a  given  landform  will 
represent  all  i he  observed  irregularities.  As  with  the  tooograpiiic  map 
procedure,  moa-  •vments  are  based  on  a  standard  distance  of  4000  !  oet  >'r 

1.2  kilometers. 

SRI  =  0.l(-a^2  +0.1  VT~  +  O.ld  +  0.2e  +  f  (6.3) 

where  a  =  number  of  contour  bonds  per  1.2  km 

b  =  number  of  gullies  less  than  3  m  wide  per  1.2  km. 
e  =  number  of  point  obstacles  per  1.2  km. 
d  -  number  of  fence  rows  per  1.2  km. 
e  =  number  of  tonal  changes  per  1.2  km. 
f  =  number  of  linear  obstacles  per  1.2  km. 

Parameters  a  and  b  in  the  -qua lion  represent  related  erosion tl  charac¬ 
teristics,  which  are  averaged  together  as  a  single  term  in  tin1  equation. 
These  parameters  are  included  as  an  exponential  function  to  represent 
the  degree  of  difficulty  in  traversing  terrain  with  an  i  nereas  ing  1  v  der.s 
pattern  of  contour  bends  and  gullies.  The  same  would  be  the  case  with 
the  number  of  point  obstacles.  That  is  the  degree  ot  dilticultv  in 
traveling  through  terrain  in  which  then  is  onlv  on*  boulder  per  kilo¬ 
meter  would  essentially  he  zero.  In  fact,  10  boulders  per  kilometer 
would  begin  to  present  a  problem,  and  1000  per  kilometer  would  present  a 
significant,  irregular  surface  roughness  feature;  i.e.,  tin  increase  in 
degree  of  traverse  difficulty  would  no  longer  be  a  linear  (unction.  I  he 
numbers  of  fence  rows ,  tonal  changes ,  and  linear  obstacles  are  consider* 
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AIR  PHOTO  TECHNIQUE  FOR  SURFACE  ROUGHNESS 


Figure  6  7.  Flow  Diagram  for  Air  Photo  Technique  for  SRI  Derivr‘:on 
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i  he  represented  by  linear 
tacit1  term,  f,  carries  the 
.'present  a  surface  with  la 
eights  assigned  to  each  pa 
rror  and  adjustments  after 
mdlorms,  •  hieh  range  from 
ilted  interbedded  sediment 

.3.3  Airphoto  Da_t_ti_Kl_enien 
-■fined  in  the  next  paragra 
i  gullies,  (e)  number  and 
.'nee  rows,  (e)  number  of  t 
5stae’os,  and  (g)  location 

a.  Contour  bends  - 
Jtrber  of  times  the  slope  i 
-)  and  vice  versa,  i.e.,  c 
given  terrain  profile  or 
s  shown  in  figure  6.8  (the 
h  ated  bv  a  vertical  clar.be 


x 
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Figure  6  8  Slope  C 
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Figure  6  9  Illustration  of  Dry  Gap  Width 

T  t  is  usaa  1  1  y  cits  i  cr  :  ■  slca.  .  •.•it!  !  a  •.•.••••{  d'ciwr.  .n  :  si 
vcrl.-iV  titan  to  use  it  drawn  mi  the  pirn  to  :tsc!  f .  i  (i  i  is  part  it  i 
tin"  ml'  comp  i  i  cat  i  (I  terrain.  For  a  t  h.n  mi  ii  m.tiv-  i  .  all  tin.'  pi 
t  r  ii'ut  ir  ics ,  ami  primary  watercourses  should  he  •  an  ful  !  v  and  fail 
t  ran  d  onto  an  over  lav  .  ’I  he  f  i  i  .U  Up  in  tin-  analysis  is  there;, 
preparation  of  an  overlay  show  In;*  t ;  •  *!  r. . :  nape  ••  vsten  lor  flic  st  u< 
ll'.e  .ecend  step  in  Liu.  analysis  requires  determination  of  where  ti 
•■'.•Lit  pap  width  bepin.s  upstream  on  each  watercourse.  ‘i'll  i  s  entail’ 
'etniled  stereophoto  study  bv  tile  terrain  ana  I  •.  ..t  and  cti  1  m  1  at  ioi 
what  horizontal  photo  measurement  is  required  to  d 1st i  mulish  widti 
i  ers  or  less  at:  the  scale  of  tile  phot  opraphv  Ih  i  no  used.  ihi 
■••ceompl  ished  i*v  so  l  vine.  equation  h . 4  t  or  ir  o  i  .e'nta  1  mi  asuivnent  , 

horizontal  photo  measurement  -  >.v  (,.4) 

x  =  dry  pap  widtli  =  3  meters, 

v  =  factor  convert  in}’,  mi  1  1  i  meters  U  meters  ~  lout)  mm./m, 

z  =  pilot  o  Ki  denominator  4  ,  ( '00 . 

horizontal  photo  measurement  Cl) (1000)  o.i.'i  mi;. 

.’4 ,0(1(1 

i.e.,  dry  pap  widths  of  3  tm  tern  measure  upp  toy.  imat  e  1  \  m.l 
;;i  i  1  1  i  meters  on  1:24,000  scale  aerial  phot  i praphv  . 


it  is  re;  lily  apparent  that  this  si. ill  measurement  i.immi  i 
achieved  usint ;  ;t  rnnvi-nt  i/'na  1  rule  prndnnt ed  into  ’  millir-eter  in 
In  order  to  quant i tat i ve 1 v  measure  mi  r  mre  1  i  ct  features,  one  must 


,ii\  i'ss  1 e  either  vi-rv  1  .rgc  sea  It*  photography  or  a  mi  cromet  or  scale-.  !  r  >r 
table  6.4  it  is  seen  (  ii.it  tin-  smaller  the  scale  of  the  photography,  the 
sma 1 1 er  is  the  required  measurement.  Any  scale  smaller  than  1:1, 000 
requires  a  measuring  rule  graduated  in  units  smaller  than  1  millimeter  in 
>'n!c r  te  del ine  dry  gap  widths  ot  3  meters  or  less  on  aerial  photography. 


Table  6  4  Photo  Measurements  Required  to  Detect  a  3  Meter  Dry  Gap  Width  at 
Common  Photo  Scales 


To  (ir-Uv »  a 

At  a 

Requires  a 

dry  ;ap  w.CHh 

photo  scale 

photo  measurement 

of 

of 

of 

3  m 

1  60  000 

0  05  mm 

■5  m 

1  50  000 

0  06  mm 

3  m 

1  36  000 

0  09  mm  (approx.  > 

3  m 

1  24.000 

0  13  mm  (approx  } 

3  ;n 

1  20.000 

0  15  mm 

3  m 

1  15.000 

0  20  mm 

3  m 

1  10.000 

0  30  mm 

3  m 

1  5.000 

0  60  mm 

3  m 

1  3.000 

1  00  mm 

e.  joint  Obstacles  -  These  are  small  surface  irregularities, 
greater  »  hart  I  .  ">  meters  high,  that  show  a  high  amount  of  symmetry  in 
plan  view.  They  include  such  obstacles  as  erratics  or  native  boulders, 
pinnacles,  sharp-pointed  ridge  crests,  pointhars,  etc.  Thev  are  often 
difficult  to  identify  on  aerial  photography,  and  thev  require  the  terrain 
analyst  to  detect  minute  detail.  A  magnifying,  glass  should  ire  used  for 
these  observations.  In  addition,  some  landforms  will  exhibit  certain 
types  of  point  obstacles.  lor  example,  seme  glacial  tills  are  character¬ 
ized  by  the  presence  of  boulders,  often  very  large,  completely  foreign  to 
the-  local  bedrock.  These  boulders,  large  or  small,  are  known  ns  erratics. 
Often,  native  boulders  arc  found  in  low-lving  areas  or  on  hillsides, 
which  have  broken  away  1 rom  strata  lying  somewhere  on  the  slope  abeve. 

’Ihese  boulders  are  commonly  found  along  mountain  streams  and  may  he  very 
numerous;  thousands  may  be  present  in  a  distance  of  onlv  a  few  hundred 
meters . 

d.  Fence  Hows  -  As  explained  in  the  topographic  map  technique, 
fence  rows  are  representative  of  changes  in  property  ownership  and  are 
often  obstacles  to  cross-country  movement,  especially  when  built  as  rock 
walls  or  hedgerows.  The  lines  are  counted  when  observed  on  air  photos, 
and  their  frequency  is  used  in  the  surface  roughness  equation.  In  general, 
fence  rows  aro  riot  representative  of  roliet  except  that  in  flat  terrain 
thev  occur  in  straight  line  patterns  and  in  hill v  terrain  thev  occur  in 
irregular  or  curvilinear  patterns. 
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e.  Tonal  Changes  -  Texture  or  tonal  roughness  is  an  aggreguci 
unit  features  each  of  which  may  be  too  small  to  be  discerned  individu 
on  the  photography.  It  is  a  product  of  slope,  size,  pattern,  shadow, 
tone.  Tonal  roughness  may  be  quantified  by  evaluating  its  variabilit 
in  terms  of  gray  scale  values  within  a  unit  area.  A  touch  iron  would 
exhibit  a  large  degree  of  tonal  variance,  whereas  a  sir.ecth  area  would 
exhibit  less  tonal  variance.  To  measure  these  tonal  variations,  the 
number  of  times  the  photography  tones  change  in  value  is  counted  hv 
comparing  them  with  an  uncalibrated  Kodak  Paper  Cray  Scale.*  This  sc 
is  divided  into  ten  reflectance  values  ranging  from  0  percent  (h'.a.  !•■') 
100  percent  (white). 

f.  Linear  Obstacles  -  These  are  elongated  ui: .act  irroguiari; 

greater  than  1.5  meters  high  with  near  vertical  f.a<  .  Som,  •  jr:;  I 
include  rock  outcrops,  sharp  ridge  crests,  terrace  edges  .  !d« 

gully  walls  (as  occur  in  loess),  and  man-made  obstac’es  .  h  ■  •=  ui.arr 
and  road cuts. 

The  most  common  linear  obstacle  is  the  ro>  i  ent-  rep.  ■ 
result  from  mass  wasting  of  Less  competent:  >ater ial  ad  sacent  to 
strata,  from  faulting,  and  from  excavation.  i  inear  obstacles  ..re  . 
graphically  expressed  Lv  u  close  grouping  ol  contour  ; fnes ,  eui  i  r .  ■ 
expressed  on  the  photography  as  sharp  breaks  . slope.  i  : ■  t  ..»p.<r>  r.t 
sharpness  of  the  slope  break  can  be  as  t  ected  j  he  a 

surrounding  vegetation.  They  m.iv  lx  expressed  as  i  in.  .>  .  .fn  »  -  i 

few  meters  long  or  they  mav  he  hundred  t  met.  rs  i  .»  i  a-.  •  1  ,  ’  .  ■ 

along  fault  zones. 

g.  Area  Obstacles  -  These  are  obstacles  which  se\  .-re  :  v  r<.  s  t  r  i 

land  movement  and  include  both  natural  and  man-rad  >•  !  eat  nr.  >< .  .'or* 

examples  are  large  quurr  i.p  boulder  fields,  strip  rune  ,  and  t.  rtvt  e 
bills. 

The  airphoto  pat  torn  data  e:i  moots  having  a.  .. 

next  step  is  t<>  .  xp  I  a  i  n  t  he  measure!,  ent  tec  In;  leu . ■  1  ■  • 

(illations  to  ,!e»  .  r-  >  n<-  the  Surtacc  u'hniss 
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Table  6  5  Grid  Sizes  for  Various  Air  Photo  Scales 


Air  Photo  Scale 

1  ■'  1*)  000 

1-20  000 

1  24  000 

1  30  000 

Amount  o<  ground  surface 
covered  per  inch  of  photo 

1 250  M 

1666  ft 

2000  ft 

2500  ft 

Amount  of  ground  surface 
covered  per  5  cm  of  photo 

2500  ft 
(0  ft  km i 

3332  ft 
(1  0  kmi 

4000  ft 
(  t  P  kn»l 

5000  ft 
ft  5  km) 

Si^e  of  grid  cells  fo  give  ^  2  km 
(4000  ft)  standard  ground 
coverage 

R  c.m 

6  rm 

5  rni 

4  t  in 

Once  flie  appropriate  grid  is  prepared,  if  is  placed  over  a  sole  to 
stereopair  then  fastened  with  paper  clips,  and  the  observation  and  wn-uri 
nient  of  surface  roughness  data  element  s  is  pi  r  ‘'erred .  Kacii  data  ilo'.ent 
is  counted  or  measured  separately.*  This  step  requires  thi  use  ef  a 
magnifier  that  includes  a  measuring  seal  i  within  or  a  map.r.i  f  i  cat  ion  dwi.. 
witii  separate  scale.  Along  each  line  segment  ,  A-'  ,  H-h,  etc.,  count  tin 
number  of  times  that  the  data  element  t  ranse.  is  the  grid  line.  !  hen 
determine  tiie  frequency  or  occurrence  per  1  . 2  km  n  r  ti  e  data  element  ; 
i  ,  the  numbers  obtained  by  count  i  nc  a  ions:  A-A,  K-H,  t.’-r,  !)-!),  and  !.-i 
are  each  divided  by  5,  and  the  numbers  obtained  h"  .  ounting  al  erg  ;  - '  . 

(i-ii,  11-11,  I-i,  .I-.J ,  K-K,  and  I.-l.  at*,  cm  !>  ii'hec.  i-v  J .  The  r'inai  rest:  i  : 
are  recorded  in  the  format  shown  in  tnIK  6.1. 


Details  concerning  observations  md  ve.isurwicnts  :  or  e.n  n  s<  ;  ,.r  .t  . 
data  element  fellow.  A  fictitious  sot  o'  number',  is  use,!  in  tiu  t  a’-  ! «  y 
to  illustrate  file  procedure. 


a.  N’t  crib  i_r  of  eontetir  fiends.  In  plan  vice,  these  •h.op’ts  an  note.: 
by  stereoscopical !v  observing  the  photos  t  or  the  number  oi  slope  sic;; 
reversals  (undulations)  . 

1.  I’ repare  a  table  as  given  is  table  <>.<  i  or  re,  or<!  ing  t  he  data  . 

2.  Place  the  atepropr  i  ate  si/.e  eric'  ever  tin.  aerial  phot  vrip'r  . 

.  St  i  rcoscop  i  .-a  I  I  si  nil v  t  he  >t  os  a.ni  coant  tin  miv  ;  ,  r  >•:  time-- 

the  slope  .sign  chances  a  I .  n>*  c.'ich  line,  ,\-A ,  !-",  ,•!  c .  <  ore  t'nsi 

numbers  as  is  shown  In  ,  I  jjs.ii  II. 


'■’•'Ml!  I  :  T!:e  (lecisii'ii  win  Ihel'  to  I  sir,  ,  I,  dal  a  i  1 
1 .  >v  i  r  to  i  cimt  d  i  t  ci  t  1  v  t  for  the  phi  t  ei'e.  -p.  ■  ! 
i  K  ace  Vo  r  ,  lor  no  i  u  t  ,  1  i  m-o  r  ,  aid  arm  •  t  ,  !  i  ■  i 
he  p  t  o,j  u,  e<l  t  ,■  '  a ,  i  i  i  i  1 1  .  t  ram.  i  or  o'  .a  :  t  e  1 1  ! 
ms  ic  Inn  ss  e  ■  I  I  ,r.  . 


,  "'eel  .  'll  i  \'i  st  !  nr  ,’Vcl  - 
:  is;-  ado  bv  l  la  ana  I  vst  ; 
■  rk  i  n,:  ever  I  •  v  .,1s  u  I  d 
1 1  i"ir  t  e  t  •  so r :  so 
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7  1  introduction  to  Glacial  Forms’ 

Giaoe'v  '«*uit  •w  snys*  an*  .ce  na.>ng  accumulated  *o  a  iwjc  m.jm  >om  tne.i  **n..n»i 
C*)»*aH'«®  MluClu'e  ana  Become  pultc  At  l«e  »<Cu«Vji4l.'>n  '.oni.nu**  *f«  i*(uC1uie  tte^in*  *0  «o* 
c  jlaaic}  ,noe*  ,i*  o«n  aevjm  ana  in®  procets  o'  gt4c,a!-o*i  n  oeg^-  Doing  ,**  p#og*ti.s  *ne 

;  acicf  I'oa*  **«  a  I'wwuoui  nan  i  vtou#*  »«4pt«  ana  toi  ana  ioc»  materials  aooss 

nurijnKh  o'  ni.ie®  Aepot ’.mg  tnem  a ->n  J  *ne  e«!>fe  e*tani  o'  tt  horn  Gaoa*  3«»po*ls  Dorn  «'io*nce  and 
jiVMpt  pot'giaciai  aiamage 

Giac'»  i an <J*o« m i  «tji  *»_m  notion  ana  aeposiKV*  on  in*  mn»  »  tuCac*-  as  a  *eiyu  o'  gi*e.*i 
ti.  *  #,t,  TaO’iiiM6l'i*.i4!'Oin«.£ui  aH>*ne  giec  .ai-on  .*  me  let-'  o'  in*  jk  *  t<,» #'  ,  at  g,ac  **s  ano  * 
'a  n  mount*no.j*  'eg  On*  cen(,na«lal  g.ac  at'On  lro«*>  J  »:  «  «c  .  •»-*•  **><«* ad  *. glut, can 

poii'O"*  o'  a  co«lm*f*l 

*l  ce  t ’■aao  j  OaOe-J  #*)"' accumulated  •OC»*»'<J*iO'*  Oct*-*  »  .  «n  a*  gtar<a)a>'**  Gi ac.a'On** 
'®v  *  t.  ai>  *>t*>  j'  :*c's  Nariimnal  D>  g. *».•»■  < e  *>tnou(  a**»  tun  *.g  ,>#  »'<**  '  .at-an  f*>c*v  ana  to. 
’..••V'e*  a#**  p'  *. re*  'torn  e«»e*:»ij  «e< » ',ne  v  tv end csayt  Tn« c«y**  ngan  j  jj''«a,mg»M***'of*  **teta«iei» 
s.**4'ee  <***  *in«  -»n  *o"n  v.  *-vr«<4  pa'l'Ciet  ‘«t>c»  I»0c4  >  •*ML«*,a«s  eng-  »<  vn<ee#etn*'ed<r'a<dCUei»l,<;  s 
As  ln«  «nen  «e..«ar.i  ana  »«*Ie«J  ail  0*  Mvevr  mates  *  *  *>e  r  *e*r*»a*ir  dumped  o*  fcoatte<«ra 

a*  >*»«*.*, >(s  t  reuse  a  .a"*'*  e*  endfcvm* 

P  si;  6;,*  on  C»«:  41  Japcm-'s  ~<x  -  .i  «■.**  y>  per  tent  a*  tn*  »|eM  *r>u  *„»•*.«  e*  ;f»  e,n*  "t 
n-.j  #•#  Ji4>.  alea  ieg»on*  4*e  *1*1  -  **■„  *J  ->*  n-"  p.s.’ eg* *e>ns 

Notts  Amen,; 4  'Jf-reij  »-  f  Can»«s  Wftv*  O*  IN*  no#rt*V"*  «*.ad  o*  t*v>  un.*«0  Stairs  a*a* 

i'4<;  *****  an  j  a,;  *eg  on*  or  Ca* *a*  *■  **e  *er*  g  ac 

';«n*ra(  *ni>  *k)  ,**■  A,— *»■■::*  lto,*'j*  *****  or  ;  V  .n  IV# „  ana  C*  at 

A’-  i:.«  r*>e  A'#  „an  .on-  «en*  naa  "n*  **>c*sri»e>a  V«#s«4#e*  C4  (DM.ian'#  9  »f 

t  .*  *pe  Sfis**  t*  nortne*  -  to#  ttf*  *»*  3'e*  r*  ; *****  ng t-s *0*1*4* .>*-*;  £’■*-  #•  3 p.'O* ■  >nfc  C|*  **(.■*■** t 
*  jn  •  •»«  *o***e-'  fir  '  s*  t».«*  Oen«na<*  nortna********  r*o**-.*r  t  r  f*ic,;,t.3  **.j 

f'*4«Sl4*n  n  ,ss  4  Sr**tler  '  tep.  .>*.*;  5**.**  n  tn#e  Alpn  ana  fit'enew 

As.i  -  A*,*  soi-e  Pornon  5  o'  '.*nj  •«*»  s«a«:  seen)  4*5!>a«  tjeon**#*  Vtw*  *  t*vc  *  e*'*».  S  !«**,«* 
.  #•«,*<  "**«  sr  «;.** ;  A-  sr-ge  ’Vama  t*«  4«.n*a*  Ws#jr*nt  t*s*  «4-*,[V.m  Vrinsj.,  t**. 

r  sr  »(«**  40  !  A.**  *  ;A,*r  '•«  *"  **.»,»(*  Wo-o-nran*  A*.,  JIJ'.1*  C4>-*CJ**,4  W*.  4*|'  »|  -•*  I* 

A  si  s  Afinnr 

A,, s'-  >04  On  ,  "**  #•**■*■'  '  A-a*’  0*  Sin**,  *  *rwj  a  pmn*ion>  s'  Sc..i*n  .»  *4r  w.  *ealan(t  ant 

4'4v:  ,*f*rf  ,  #  *#  1  r  '*«-  ** *'*  o*  alp'ne  Jl  *;  e'S 

S'*  sn  t  '.S'  Vjoo ;  Vo  #  y  *  lOt"  9  a* sa*1'  #>*t*0;s- 1*  **•  lo'V 

’"•«  ■“  sen  P4#j*':  *  <  an-J  *  •t  sn.ste  "»e  ***  te#a  I4a*«n  a^j  Acm'4  i  s*’  q#»  {J.**  ,*  tim,# 

*'*«><  »*.  »■*■  *?'  :.»  «-4<  »*»—■*  ■  *  ■"  r*t***«a  'sans  me  V*'  •n.#'*’*"  m*,  <»*••.««  •♦*#*  *•**.#;■*■'  <# 

!  .•  s')  .  •*  >;  *■  sf  n»-  if  a  *#", }*o' **  o*  j  >  >  or  *9  n  !*•  Jay**  **,  I*  s'*#"**  at**1rf  t;  ** 

^e.  ii-.,,.  ;3j»  iyr*  ift  «'-*<*<he*f  »•  *■  m*-*  "*•*  r* 

#  *’;«•  ?*■'*?  f 1  i  t  >'**:*  jfi**  tte-1*  ■  ryt 

*  'I'OW'-iJ  ,.  *'*2*  5  •‘•■o  fi-f  5  |H!J’  »;  *•  >*»<•  »  t.:»«jirr 

-  p^io^i  *re»T'»»i|'»x  a#«-f 

■flow  r>o  tprrAir*  Arsal.  s >«  1^*8  ’  DowOen  H«,tc»s.nsr>r>  4  Inc  Slro#i4(Js 

Purq  PA 
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Results  of  Air  Photo  Surface  Roughness  Measurements:  Fluvial  Forms 
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7,2  5  Summary  of  Surface  Roughness  Measurements  Fluvial  Forms 


7  3  introdu'. t  on  to  Lunat:  tort 


1  --.j  e*tvm:  .  the  'uv*1  i".'t  ’  at  .  ot  so.  -it r ■ ,  ■  -  oie  .vn:'ii ;  e.. f-or-  are  vet ,  sm  t'a*  to  those  o'  the 
i.unspv’iiatiuu  ’  n*. denar.  vlieu'e  ;  ,r. '  ■'  !  tiiian  transported  particles  are  carried  to  the 

.itmospheie  either  dose  tv  'he  surface  ot  the-  rj r o ; 1 1 1 : t  m  a  fashion  simitar  to  stream  bedtoads  or  h.ghft 
the  surf  a*  o  of  the  yroui  - 1  ■  i  ■  a  fish  ion.  sum  fir  <  ■  suspended  s'l'-a'i  toads  The  lower  layer  consists  of 
sands  which  scatter  and  bound.1  along  the  Sudan  perhaps  never  .•  yriy  more  lh.tr,  lot:'  feet  Trie  upper 
sty- or  suspended  load  remains  mu*  fji.iif-— .ej.  sn't  s  zed  parLcies  whirr  are  earned  for  great  distances  re. 
je  i  t. tubes 

touan  deposits  include  ■  1 1  y-uiu  dunes,  which  occur  nr-i  the  source  of  fit  material  and  ,/■  iuess  or 
silt  deposits,  whiefi  are  often  earned  great  distances  by  thy  wnd  covering  large  areas 

Distribution  Eolian  landforms  occur  widely  tiuough  ah  parts  of  the  world  but  are  especially 
common  adjacent  to  glaciation  /ones  and  large  hood  plains,  m  arid  climates  and  along  coastal  areas 

North  America.  United  States  and  Canada  Belts  ot  sand  dunes  are  found  along  the  coasts  of  the 
Atlantic  and  Pacific  Oceans  arid  the  Great  Lakes  Extensive  inland  dune  formations  are  found  in  the  Great 
Basin  in  Nevada  and  in  the  deserts  ot  southern  California  Loess  deposits  are  *ound  adjacent  to  the  large 
rivers  of  the  Mississippi  Valley  and  cover  significant  portions  ot  Iowa  Illinois  northern  Missouri 
southwestern  Wisconsin,  western  Tennessee,  western  Mississippi,  and  others 

Sand  dune  deposits  in  Canada  are  few  and  scattered  Loess  is  found  in  small  localized  deposits 
through  southern  Saskatchewan 

South  and  Central  America  Sand  dune  formations  occur  m  the  central  basins  of  Peru  and  Chile 
Extensive  deposits  ot  loess  cover  most  ot  northern  Argentina  southern  Uruguay,  and  southern  Paraguay 

Africa  Extensive  areas  m  Atnca  are  covered  with  sand  dunes  Loess  cover  is  found  along  the  coastal 
sections  of  Morocco.  Algeria.  Libya,  and  the  United  Arab  Republic  Scattered  small  deposits  occur  across 
north  central  Africa  from  Senegal  to  Ethiopia 

Europe  -  Sand  dunes  are  dominant  features  along  the  French  coast  ot  the  Bay  of  Biscay,  and  the 
coasts  of  Belgium,  the  Netherlands.  Denmark  and  eastern  Russia  along  the  Baltic  Sea  Dune  format  ons 
also  occur  along  tne  maior  rivers  in  southern  France.  Spam  and  southern  Russia  nm tn  o*  the  Black  Sea 

Asia  -  Sand  dunes  occur  >n  many  areas  of  Asia  ,  including  Mongolia  to  norther-  Inc.a,  the  Gobi  Desert 
the  region  from  Syria  through  Iran,  and  most  of  Saudi  Arabia 

Ma|or  deposits  of  loess  are  found  throughout  the  Hwang-Ho  River  Valley  m  Ovna  and  along  '.tie 
northeastern  edge  of  the  Caspian  Sea 

Australia  --  Much  of  central  Australia  contains  sand  dune  formations,  including  the  Great  Sandy 
Gibson.  Great  Victoria.  Tanami.  and  Simpson  Deserts 

Thin  loess  deposits  cover  the  central  portion  of  Australia  Thicket  deposits  occur  along  the 
southeastern  coast  of  South  Island,  New  Zealand 

Pacific  and  Caribbean  Regions  -  Small,  calcareous  sand  cl  jnes  ot  local  origin  are  scattered  through 
the  regions  No  significant  deposits  of  loess  are  found 

The  maps  on  pages  7  48  and  7-49  show  the  United  States  and  World  distribution  of  Eolian  forms 

A  flow  diagram  for  Eolian  forms  (7-501  illustrates  how  the  terrain  analyst  may  enter  this  section  to 
develop  information  on  a  landform  of  eolian  origin  The  diagram  may  be  entered  at  p-e  top  to  f.nd  a  given 
landfo rm  based  on  origin  or  entered  at  the  bottom  of  the  diagram  when  based  on  form 

Topographic  map.  air  photo  and  surface  roughness  data  elements  are  described  for  Eolian  forms  .n 
the  following  paragraphs  At  the  end  of  this  section,  the  results  of  topographic  map  and  air  photo  surface 
roughness  measurements  are  tabulated 


‘From  Way,  D.S.,  Terrain  Analysis.  1978, c  Dowden,  Hutchinson  &  Ross.  Inc  .  Strouds¬ 
burg.  PA 
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Illustrated  in  Section 


Loessial  Plain  -  Gully  Features  Northwest  of  Cotton  Mill  Lake  Recreation  Area 

Nebraska  BMO-4H-25 
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7.3.4  Summary  of  Surface  Roughness  Measurements  Eolian  Forms 


Note  See  Section  6  tor  explanation  of  method  for  deriving  SRI  values- 


7.4  Introduction  to  Sedimentary  Rock  Forms’ 

Sedimentary  rocks  are  formed  by  the  deposition  of  sediments  transported  by  streams,  ocean  or  wave 
currents,  ice.  or  wind  Most  sediments  are  remnants  of  previously  decomposed  and  disintegrated  igneous 
sedimentary,  and  metamorphic  rocks,  but  some  are  derived  from  chemical  reactions  and  organic  sources 
When  a  particular  transporting  agent  can  no  longer  carry  their  mass,  the  sediments  are  deposited 
Variations  m  the  velocity  of  the  transporting  agent  produce  layers  or  beds  whose  particles  vary  in  texture 
and  it  is  the  presence  of  bedding  planes  that  distinguishes  sedimentary  from  igneous  rocks,  the  latter  tend 
to  be  massive  and  nonbedded  The  bedding  planes  in  sedimentary  rock  are  originally  laid  down  parallel  to 
the  earth  s  surface  but  later  may  be  tilted  by  movements  of  the  earth's  crest 

Sedimentary  rocks  accounting  for  approximately  75  percent  of  the  earth's  exposed  land  surface  occur 
m  two  categories  The  first  category  includes  clastic  or  fragmental  rocks,  such  as  shales  sandstones,  and 
conglomerates  originating  from  other  rocks  The  second  category  are  formed  from  chemical  and 
biochemical  (organic)  sediments  precipitated  from  solution  (examples  are  calcium  carbonate,  and  limy 
parts  of  organisms  such  as  corals,  algae,  foramintfers,  clams,  and  snails)  These  sediments  include 
limestone,  gypsums,  and  salt  Large  organic  or  swamp  deposits  upon  hthification  become  coal  and  are 
commonly  found  interbedded  with  other  sedimentary  materials  Coal  is  not  included  here 

Most  sedimentary  deposits  originate  underwater  in  oceans  resultings  from  stream  and  river  system 
flow  The  sediments  consist  of  gravels,  sands,  silts,  and  clays,  the  resulting  deposits  vary  in  texture 
according  to  the  distance  from  shore  and  water  velocities  at  the  time  of  deposition 

Distribution  -  Some  regions  of  the  World  containing  well-consolidated  sedimentary  rocks  are  listed  in 
the  following  paragraphs 

North  America.  United  States  and  Canada  —  The  regions  include  only  those  where  residual  soils  have 
developed  from  weathered  sedimentary  rocks  In  the  United  States,  sedimentary  rocks  of  all  types  and 
altitudes  are  found  in  areas  adjacent  to  the  Appalachian  Mountains,  the  central  plains  .‘.''1  scatterings 
throughout  the  Rocky  Mountains 

A  band  of  interbedded  sedimentary  rock  extends  across  most  of  Saskatchewan  and  eastern  Alberta 
across  the  Northwest  Territories  just  west  of  Great  Bear  Lake  and  mto  the  Alaskan  north  slope 

South  and  Central'  America  Sedimentary  rocks  are  found  in  southern  Argentina  and  throughout 
parts  of  Brazil 

Africa  Sedimentary  'ocks  are  widespread  across  Africa  with  surfaces  of  residual  sons 

Europe  Sedimentary  -  jck.-  are  found  associated  with  most  European  mountain  ranges  Southern 
Enginnd.  Ireland,  and  France  nave  the  maior  formations 

Asia  -  Large  portions  of  western  Russia  and  central  Siberia  consist  of  sedimentary  rock  w<!>- 
scattered  systems  occurring  through  Tibet  Less  exposures  can  be  found  m  Cambodia  and  Tha  iang 

Australia  -  t^dimentary  rock s  are  found  in  most  ot  Queensland  parts  of  South  Australia,  and  parts  of 
Western  Australia 

Pacific  and  Caribbean  Regions  Weli-consoiulaled  sedimentary  rocks  occur  m  the  islands  o'  <  of  a 
formations  and  coquina 

Sedimentary  deposits  are  found  in  parts  of  Cuba  Haiti  the  Dominican  Repub'rc.  and  Puerto  Rn  O 
limestone  formations  are  most  common 

The  maps  on  pages  7  70  .»«..*  7  71  show  the  United  States  and  World  distntu, term  (.f  Seitm  .-nt.ii ,  H  • 

turns 


A  flow  diagram  tor  Sedimentary  Rock  terms  (7-72)  illustrates  how  the  terrain  analyst  may  enter  this 
section  to  develop  information  on  a  landform  of  sedimentary  origin  The  diagram  may  be  entered  at  the  top 
to  find  a  given  landform  hased  on  origin  or  entered  at  the  bottom  of  the  diagram  when  based  on  form 

Topographic  map  air  photo,  and  surface  roughness  data  elements  are  described  for  Sedimt  ntary 
Pock  forms  m  the  following  paragraphs  At  the  end  of  this  section  the  results  of  topographic  map  and  ait 
photo  surface  roughness  measurements  are  tabulated 


’From  Way.  D  S  .  Terrain  Analysis.  1978. c  Dowden.  Hutchinson  &  Ross.  Inc  .  Strouds¬ 
burg.  PA 
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Distribution  of  Well-Consolidated  Sedimentary  Rock  Parent  Materials  in  the  United 
States.  Note  —  Glaciated  Areas  Are  Not  Shown. 


Source:  Way,  D.S  ,  Terrain  Analysis.  1978,  c  Dowden.  Hutchinson  &  Ross.  Inc 
Stroudsburg,  PA,  p.  83. 
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This  Fiow  Diagram  is  Used  to  De'errmno  the  Relationship  o'  Chirp'’  to  Torn. 
Landforms  Illustrated  ir  Section  7 
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Sandstone  Upland  Ridge  —  Vegetation  Density.  BTB  3V95 
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Sandstone  Upland  (Humid)  —  Flat-Lying  Agricultural  Plot  BTB  3V95 


Sandstone  Upland  Ridge  -  Valley  Feature  BTB  3V95 


TOPOGRAPHIC  MAP  DATA  ELEMENTS 
SHALE 


Sandstone 


Bad  Lands  Sar,d  .•  Shale  Upland.  Quinn  Table  SE  SD 


PRECEDING  PACE  BUGK-MOt  FILMED 


Results  of  Air  Photo  Surface  Roughness  Measurements:  Sedimentary  Rock  Forms 


7.5  Introduction  to  Igneous  Forms 


Igneous  rocks  aro  formed  by  the  solidification  of  magma  or  molten  rock  material  on  or  within  the 
s  iriace  of  the  earth  Igneous  rocks  arc  classified  either  intrusive,  (formed  beneath  the  surface  of  the  earth), 
or  extras ive  (formed  on  the  earth  s  surface) 

Intrusive  Igneous  flocks  (Granitic  Materials!  -  Intrusive  igneous  rocks  were  solidified  from  molten 
a  v  material  beneath  the  surface  of  the  earth  as  plutons,  regardless  of  size,  shape,  or  composition  The 
crystalline  structure  of  igneous  plutonic  rocks  Is  well  developed  owing  to  their  slow  process  of 
solidification.  Plutonic  rocks  underlie  all  rock  types,  forming  a  platform  or  basement  supporting  the  surface 
rocks  Exposure  takes  place  if  the  overriding  materials  are  weathered  or  eroded  away  Plutonic  rocks  occur 
on  only  15  percent  of  the  earth  s  surface 

E  xtrusive  Igneous  Rocks  (Basaltic  Materials)  -  -  Extrusive  igneous  rocks  are  of  two  types  One  type  is 
t'ji  rued  by  volcanic  eruptions  which  pour  molten  lava  onto  the  earth’s  surface,  where  it  solidifies  The  other 
;yp--  includes  Iragmental  rocks  of  all  sizes  which  have  solidified  at  the  surface  of  the  earth 

Volcanic  magma  does  not  develop  a  large  crystalline  structure,  tor  the  cooling  of  the  material  is  rapid 
arc  the  resulting  crystalline  texture  'S  so  fine  that  it  is  not  apparent  without  magnification  Most  extrusive 
rocks  are  dense  and  glassy  m  appearance,  but  they  can  be  filled  with  gas  bubbles  or  even  frothy 

Extrusive  rocks  occur  throughout  the  world,  but  account  for  only  about  3  percent  of  the  total  exposed 
continental  land  surface 


Distribution  -  Granite  is  a  predominant  igneous  intrusive  rock  form  providing  the  foundation  for  most 
of  tfie  continental  masses  and  the  central  core  of  many  mountainous  structures  Basaltic  and  volcanic  forms 
occur  scattered  across  most  of  the  continents  in  small  deposits 

North  America.  United  States  and  Canada  —  The  New  England  states  of  Massachusetts.  Vermont  New 
Hampshire,  and  Maine  contain  massive  granitic  forms.  Other  granitic  areas  include  the  Adirondack 
Mountains  of  northern  New  York,  a  large  bathohth  in  central  Idaho,  the  Black  Hills  of  South  Dakota,  the 
fliurra  Nevada  region  of  California,  and  the  northern  Cascades  in  Washington 

Most  of  the  eastern  half  of  Canada  has  exposed  granitic  rock  B«sait>c  '.relations  are  found  m 
southcentral  British  Columbia 


South  and  Central  America 
most  of  Centra!  America 


Igneous  granitic  intrusions  are  found  in  southern  Venezuela,  southern 
•  *;  Br.izrl.  the  southeast  const  of  !>•..- '  prom.nent  f-oujh 


Air. ca  Igneous  granitic  lormat.ons  occupy  large  areas  m  Africa  including  Madagascar  The  broadest 
coverage  extends  aciwui  central  Africa,  then  southward  along  eastern  coastal  sections  A  forge  basaltic 
region  extends  across  central  Eth.cpia  into  western  Kenya 

Europe-  Norway  Sweden.  Pin  ana.  and  bordering  Russian  territories  consist  mainly  of  granitic 
mati-nais  Igneous  intrusions  occupy  northern  Scotland  central  France  and  northwestern  Spam 

As.a  Exposed  granitic,  intrusions  occur  over  most  of  India.  Ceylon,  the  northern  portion  of  the 
Mongolian  Republic,  northern  Manchuria,  and  the  border-ng  regions  of  Siberia 

Australia  Most  cf  Western  Austrat-a  is  granitic,  there  are  fewer  outcrops  -n  trie  Northern  Terr  '.cry 
,in-j  Southern  Australia  No  significant  basaltic,  formations  are  found  ill  Australia 


Pacific  and  Caribbean  Regions  No  significant  regional  granitic  deposits  are  found  m  the  Pacific 
mn  id  regie ;  i  Most  of  the  .s'anrfs  o'  f  -  Pacific  central  basin  are  basalt.';:  mclud-ng  for-  Haw  a  an  Iskmds  th< 
Aleutians,  and  the  foundations  of  many  lagoon-forming  islands 


umall,  scattered  granitic  outcrop*.  '  ■  -st  throughout  Puerto  R:co  and  the  Vugm  h  lands  The  W  rriwanf 
I>..ir;dx  consist  of  based  e  i.ratei  a! ■.  and  scattered  deposits  arc  found  in  th.  One um.in  Republ  i 


The  maps  on  pages  J- 98  arid  7  99  show  the  United  States  and  Work!  distribution  ot  Igneous  Items 


A  (low  diagram  for  Igneous  forms  (7- 1001  illustrates  how  the  terrain  analyst  may  enter  this  section  to 
develop  information  on  a  landfonn  of  igneous  origin  The  diagram  may  he  entered  at  the  top  to  find  a  given 
, uniform  based  or;  ongm  or  entered  at  the  bottom  of  the  diagram  when  based  on  form 


T opoqraphu.  map  air  photo,  and  surface  roughness  data  elements  are  described  for  Igneous  forms  .n 
the  following  paragraphs  At  the  end  of  this  section  the  results  of  topographic  map  and  an  photo  surface 
in  ighness  measurements  are  tabulated 


’From  Way.  DS.  Terrain  Analysis.  1978,  cDowden,  Hutchinson  &  Ross  Inc 
Stroudsburg.  PA 


Distribution  of  Igneous  landforms  in  the  United  States 

Source  Way.  DS.  Terrain  Analysis.  1978.  r  Dowden.  Hutchinson  &  Ross  Inc 
Stroudsburg,  PA,  p  143 
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82  Geography  (Cord  > 

Induilrwi 

in  tr  i-  to  i'! ,  ;m-  ’>!  i  ii-M-ar.i1  <abor>ilO(«^  quarries  ur.«„ei  pas  Oiytiiiefies 

V'd  vlAf’til  Agrn  Vt^fe  i  hot  .1  pt.maiy  spurt*  .  '  neon  Man,  people  if'  !f . 
Co .Ki’,  »eCe  ye  fi’uV  o«  .i1  ,'f  their  iih <  >te  horn  employ” eot  f<  ( lOwer  nrnent  * ■  f  •  • 

the  Oir.tr  ct  of  C  «r  d  bull'}  ind.ng  anas  Constf  ..cti'.n  ,y  •*  ..  y>.on(J  rru.  1 

iwporta’it  iO'.jicr  )'  *.,>Hc  yyed  by  puhfit  •v<i.ve%  1  i,  ,  rv-csot.  ano /n  <e<:>icriAi 

4f’*t  Other  t,pey  of  S*‘l  ilt’l’*, 

Agriculture 

Before  f".s  <i'*M  «.n  setfe.:  tty  *h.|e  wp  *»'*-  aqru  ..ttuic  of  «H*  Indians  coni.  st.'d 
largely  of  qrodnfuj  imj.i  areas  of  tof'i  The  Indians  won-  chietly  hunters  and  (ji-j  i  t « u» 
larrrt.nq  The  pioneers  grins  com  *heat  and  oats  lot  subsistence  and  uvestQ' ► 
fwl  Tobacco  «j>  grpryn  as  a  cash  tu>p  lot  e«port  to  England 

Th*_>  .}rd\A>nfj  of  tobacco  .»%  a  cash  crop  dec '.nod  sc  eh-  allot  the  Owe  Wat  At  that 
tithe  pool* r  i  tain*1  sheep  «iv)  hogs  h%»m«  important  as  sources of  cash  Livestock 
pec  arte  mo»w  important  as  markets  .mpro.vd  and  as  ra.. roads  and  t-irjhyyays  yyete 
>  obstructed  The  rapid  oiOAt*-  -h  population  of  the  heart).  District  of  Columbia  trade 
the  production  of  re. is  an  important  source  of  income  tor  many  farmers  ih  facia* 
County  The  prodi.ciicm  of  milk  is  sti;  an  important  enterprise  in  the  count  y  Thesma, 
acreaqfr  that  >s  SMI  -..sed  for  agriculture  .skept  in  <»}lic.iee*  production  t*  rough  ttie  ov 
of  scientific  method:* 

B3  CfihiaSo 

Climate 

f-.V't.ti  County  has  a  continent  i1  nurrnd  temperate  .  timale  Temperature  and 
precipitation  typical  of  ‘he  county  are  shr,*n.r-  tables  I  and  i  Vrftsona*  ImnpeMtjo 
varies  considerably  The  difference  between  summer  and  venter  mi  an  *f  mperatur*  at 
the  U  S  Weather  Station  m  Chanf.ity  Va  isabo.it  36 degrees  It  is  about  3fl  degrees  at 
(he  Washington  National  Airport  Washington  D  C 

\ih  •  *  ’  -  mf.„. a;  v.  *  Prey  .p-ty  Hi  Tat  •  ;•  mpr  iat.ee  ar-rt  Pmc  ;  .tat  r.-<- 

*  C.haefii-,  Pa-da*  at  Wasr  rvjtor  Nation .1  A  it  pot* 

i  .Cley,V< in  J.*:?  r«-#t.  Wash-rrjtfjr  C  C 

t  e.at  .n  if  (<•<  ; 

( 
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th*.-  iroM  tit-t?  reason  41  Ci  «i'i'»ly  Vrt  *.  70  'lays  in  .Visiiifiytuf ;  iJ  C  it  ■>  20U 

.I;i  Thf.  *»  III  season  rj.'ni'i.'lMv  'S  to*'"  '•**r*iig*i  (Of  "If*  f  .1'  .*  i'V'j  'i*  "■/-  *'i  '■  *o; ' : 

and  »i'q**taeifj  commonly  ijiow«  if-  Fa.rt.i*  County  T ('«-  qround  **.  Uo/rn  onl,  to 

)ft4MOA  (Jtflil'i'  tulllli]  lMilllt‘1  ..Jllit'  >I'UI'|  il  i>  »:*  tf»i:  tVlilt-i  I  , !  sla  v  >  (J!  *  * :  H*  y  f  l Jt  jl  id 

K>f  (/«»».  ,4  .->1*01  i  l«>  l  »t_-  ly'ul  I  ^  Ovj  •  C  <  v/l'd  *-•!»  •  ‘  vji  o  «’•  <  *  O  t  ^  Oe/  -  V-  tJ  ;  .  ><  p'C  I  1  Ut  M  It  *«  J 

<|  |  d  ‘t*  *»t‘  l5KJ«»»»y  e.O«‘4  O*  'MuU> 

l  .  .%•  »ej  ‘  tlOuut  A*.  J  *  .»  ♦*  *-'  tj.il>  <..,.liCtt.U4i4d  y  t,  II  ,,,  IVJ  c  A  l«'<  fj>  ttj 
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hum  U  *v  f‘f5i  o*  Mpln  to  t  lit;  i»i  u*  bt'ct:*  ••»»«  * 

f '  »■  f  ;  - . » >  ejfl  dllipiv  \^*  n-u  j*  uupj  *  *v'  >  .it  ill  y  yt  lit  .»  j;>  *  •  <t  <  <  «<f  <  i  !>  <  <  I  u 
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ptlully  0ltt«f>V0  iU*  »  Of‘lbiri«if  suits  *  !• 

«ir»*  ru»  fi»uu,’l»»'ns>  «m  tin?  uuunl  >  Cor *1* *  tjafritn  n,»*>  >f  ; i  ■«*  vjilcit i.ui  ,  o'  • .( >  < s  ‘ ui 
crops  at»'  Ouf  to  factors  ot?i«?r  !fiar»  ennui:*- 
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The  mined  Piedmont  Upland  and  high  Coastal  Plain  terraces  are  bounded  on  the 
east  by  the  high  Coastal  Plain  terraces  and  or,  the  west  by  the  Piedmont  Upland  This 
area  occupies  about  23  percent  of  trie  county  and  has  an  elevation  of  300  to  400  feet 
above  sea  level  in  most  places  It  is  along  the  fall  line  between  tfie  Piedmont  Upland 
and  Coastal  Plain  physiographic  provinces  The  soils  have  formed  from  metamorphic 
rocks  granite  gneiss  and  quarts  senate  schist  -  similar  to  those  in  the  Piedmont 
Upland  The  sedimentary  deposits  in  which  soils  have  formed  and  which  overlie  the 
Piedmont  Upland  are  of  fluvial,  old  alluvial,  and  marine  origin  This  sedimentar, 
material  usually  occup.  s  the  broader  ndgetops  that  have  gentle  to  undulating  slope  . 
of  less  than  10  percent  Tne  sods  that  developed  m  these  sedimentary  deposits  occur 
in  widely  scattered  areas  that  make  up  about  one-half  the  acreage  m  this  section 

The  mixed  Piedmont  Upland  and  the  high  Coastal  Plain  teriaces  are  drained  mainly 
by  Accotmk  and  Porno  Creeks  and  by  Holmes  and  Pimmit  Runs  Pimmit  Run  flows 
north  into  'ho  Potomac  River  and  Holmes  Run  flows  toward  the  southeast  Th<- 
drainage  pattern  is  generally  dendritic  Steep  V-shaped  valleys  and  a  few  bluffs  have 
formed  where  large  streams  nave  deeply  dissected  the  uplands  A  small  part  of  the 
section  is  so  poorly  drained  that  the  soils  need  artificial  drainage  before  they  can  bn 
cultivated  Many  soils  forme'd  in  fluvial  and  alluvial  sediments  have  a  fragipan  (dense 
subson  |  which  causes  them  to  drain  slowly 

The  hiyn  Coastal  Plam  occupies  about  22  percent  of  the  county  and  is  along  the 
eastern  edge  Elevations  range  from  60  to  250  teet above  sea  level  This  section  covers 
two  or  three  of  the  higher  Coastal  Plain  terraces,  mainly  the  Brandywine  and 
Sunderland  terraces,  and  smaff  areas  on  the  Wicomico  terrace  near  the  eastern 
boundary  of  the  section  This  section  consists  mostly  entirely  of  Coastal  Plain  sand 
silt  day.  and  gravel  of  marine  or  fluvial  origin  that  overlie  Piedmont  Upland  material 
mainly  granite  gneiss  and  seriate  schist 

Between  this  section  and  the  low  Coastal  Plain  there  are  hilly  and  steep  areas  along 
the  large  streams  and  near  the  breaks  Most  of  the  section  consists  of  wide  upland 
ridges  that  are  undulating  and  rolling  The  drainage  generally  is  toward  the  southeast 
and  is  fairly  well  developed  It  consists  of  Accotmk  Creek  and  the  Holmes.  South  and 
Back  Lick  Runs  Many  slowly  permeable  and  many  gravelly  soils  are  in  the  section 
The  acreage  of  wet  soils  needing  drainage  is  small 

The  low  Coastal  Plam  terraces  occupy  about  4  percent  of  the  county  This  section  is 
in  three  different  areas  but  is  mainly  on  the  Dismal  Swamp  terrace  at  levels  that  are  5  to 
20  feet  above  sea  level  This  terrace  is  a  young  marine  deposit  consisting  of  highly 
stratified  and  mixed  sand.  silt,  clay,  and  gravel  The  topography  is  mostly  nearly  level 
and  very  gently  undulating,  but  there  are  small  areas  of  rolling  and  hilly  terrain  near  the 
large  creeks  and  rivers  The  general  drainage  patterns  are  not  well  developed  Most  of 
the  sods  are  too  wet  for  cultivation  unless  they  are  drained  artifically 
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B 1 2  Vegetation 

Vegetation 

Fairfax  County  was  originally  covered  entirely  by  forests  of  hardwood  bees  mixed 
with  scattered  Virginia  pine  and  redeedar  Small  quantities  of  hemlock  were  scattered 
along  Occoquan  Creek  and  Occoquan  Bay  in  the  southern  part  of  the  county  Vellow- 
poplar  and  other  ha-dwcod  trees  grew  mostn.  on  the  low'-r  Coastal  Plain  and  on  coo' 
sites  in  the  Piedmont  Upland  Oaks  mixed  with  scattered  Virginia  pine  grew  on  the 
driersiteson  the  upper  Coastal  Plain  ana  Piedmont  Upland  Chestnut  w  as  common  on 
the  friable  Manor.  Glenelq  Appling,  and  Elioak  soils  m  the  P'edmont  Upland  and  on 
the  hilly,  yraveUy  soils  of  the  higher  lying  Coastal  Piam  Oak  scattered  pine  and 
redeedar  were  most  abundant  in  the  Piedmont  Lowland  Most  of  the  timber  from 
pioneer  clearings  was  rolled  into  piles  and  burned  except  for  the  small  par?  that  was 
used  as  materia1  for  the  necessary  farm  buildings 
About  40  percent  of  the  county  area  is  now  in  forest,  which  is  widely  distributed  over 
the  county  The  largest  and  most  continuous  areas  of  forest  are  m  the  Coastal  Plain 
and  Piedmont  Upland  provinces  m  the  southeastern  part  ol  the  county  The  Piedmont 
Lowland  has  the  highest  percentage  of  cleared  land  ,  and  very  little  it  any  virgin  timber 
remains  Most  woodland  consists  mainly  of  white  red,  pm.  black,  post,  blackjack  and 
chestnut  oaks  and  hickory,  maple,  beech,  poplar  black  locust,  sassafras  dogwood 
gum.  and  holly  There  are  a  few  scattered,  pure  stands  of  Virginia  pine  A  few  patches 
of  hemlock  are  in  the  southern  part  of  the  county  along  Occoquan  Creek  and 
Occoquan  Bay  Chestnut  sprouts  growing  from  old  tree  stumps  are  found  mainly  in 
the  Piedmont  Upland  The  poorest  woodland  is  generally  on  the  higher  Coastal  Plain 
soils  that  contain  fragipans  and  on  the  Piedmont  Lowland  soils  that  have  a  fragipan 
and  claypan  or  that  are  shallow  over  hard  rock 
The  kind  and  quality  of  trees  are  an  expression  of  the  soil  and  moisture  condition  of 
the  site  In  places  there  is  a  direct  correlation  between  the  soils  and  the  species  o*  trees 
that  grow  in  them  naturally. 

Pm  oak  grows  in  almost  pure  stands  in  the  wet.  flat  fme-textured  Elbert  and  Croton 
soils  of  the  Piedmont  Lowland  Scrubby  white  oak.  with  a  large  percentage  ot 
blackjack  and  post  oaks,  grows  on  the  heavy,  clayey  Iredell  and  Kelly  soils  m  the 
Piedmont  Lowland  Red  and  white  oaks  grow  into  large,  tall  trees  on  the  deep  friabie 
well-drained  Elioak.  Glenelg.  and  Bucks  soils  However  the  same  species  are  shod 
bodied  and  slow  growing  on  the  shallow  droughty  Penn  and  Catlett  sons 
White  and  red  oaks  and  yellow-poplar  grow  into  'ne  best,  long -bodies  trees  m  the 
county  on  the  deep  soils  cl  the  Coastal  Plain  These  deep  soils  have  good  moisture 
conditions  for  trees  and  are  underlain  by  strata  of  sand  Chestnut  oak  or  scrubby, 
short-bodied  white,  red .  and  post  oaks  grow  mainly  on  the  Beltsville  soils,  which  ha  ve 
a  fragipan  16  to  20  inches  below  the  surface  Sycamore  river  birch,  boxeider  white 
elm.  and  willow  are  the  most  common  species  on  the  Chewacla  and  Wehadkee  soils 
and  on  Mixed  alluvial  land  of  the  flood  plains 

Trees  grow  at  different  rates  on  the  various  exposures  of  a  site  Chestnut  oak  grows 
poorly  on  some  of  the  rocky  and  shallow  soils  on  ridges  Hown.er  it  grows  tail  and 
produces  good  timber  on  the  East-  and  north -facing  slopes  and  m  moist  coves 
occupied  by  the  Meadowville.  Manassas,  and  Glenvi'ie  soils 

The  understory  in  forests  consists  mainly  of  laurel  huckleberry  spimbush.  wild 
grape  running  cedar  azalea  greenbricr  mountain-tea.  serviceberry  red-osier 
redbud  sumac,  and  dangleberry 
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The  species  and  growth  of  grasses  and  weeds  vary  on  the  different  soils  according 
to  management.  Idle  fields  contain  many  plants,  including  broomsedge,  dewberry, 
blackberry,  cinquefoil,  hawkweed.  ragweed,  aster,  greenbner,  sumac,  orchardgrass. 
bluegrass,  wh  jclover.  wild  onion,  beggarweed,  stickweed,  yarrow,  oxeye  daisy, 
sourgrass,  sheep  sorrel,  Spanish  needle,  crabgrass,  lespedeza,  and  narrowleaf 
plantain 

Properly  managed  permanent  pastures  generally  consist  mainly  of  bluegrass. 
whiteclover.  and  crabgrass.  In  addition,  there  usually  is  some  redtop,  orchardgrass. 
hawkweed,  narrowleaf  plantain,  broomsedge,  and  other  weeds  and  grasses  in  the 
mixture.  Temporary  pastures  used  in  long  cropping  systems  consist  mostly  of 
orchardgrass,  but  they  have  some  fescue,  ladino  clover,  timothy,  lespedeza,  and 
redtop  Chickweed  is  common  in  many  alfalfa  fields 
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